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Foreword 


The series of textbooks encompassing The Requisites 
in Radiology series has flourished over the last 25 years 
due to the diligence and success of the authors in pro- 
ducing very high quality work. Genitourinary Imaging: 
The Requisites exemplifies this high standard and is 
now appearing in its third edition through leadership of 
Dr. Ronald Zagoria with co-authors Dr. Raymond Dyer 
and Dr. Christopher Brady. 

With each new edition of the respective books in The 
Requisites in Radiology series, it is quite interesting to 
see and marvel at the magnitude of change in radiology 
practice that has occurred in the interval. This was 
certainly true from the first to the second editions of 
this book and is true again. Genitourinary radiology has 
continued to undergo substantial changes based on new 
technologies and new understanding of diseases and 
conditions of the genitourinary system. Ultrasound is 
even more established and is being used in new ways 
such as diagnosis of urinary tract stones. Dual energy 
computed tomography and multispectral computed 
tomography offer the ability to characterize calculi, 
aiding in diagnosis and also selection of appropriate 
therapy. MRI diffusion imaging and related methods 
are establishing roles in prostate cancer. The excre- 
tory urogram or intravenous pyelogram is a historical 
curiosity. 

One of the features of The Requisites series most 
appreciated in reader feedback is the use of tables and 
boxes to restate and summarize essential information 
in concise form. This reinforces the narrative discus- 
sion, and the liberal use of this approach again is an 
important feature of this book. In particular, important 
differential diagnoses and summaries of key findings in 
important diseases and conditions are included in 
summary form in each chapter. 

Because radiology is fundamentally a visual spe- 
cialty, the quality of illustrative material is also ex- 
tremely important and is another particular strength of 


Genitourinary Imaging: The Requisites. Each chapter 
is richly illustrated with up-to-date material, further 
highlighted by classic illustrations where appropriate. 

The Requisites books have become old friends to a 
generation of radiologists. The intent of the series was 
to provide the resident or fellow with a text that might 
be reasonably read within several days at the beginning 
of each subspecialty rotation and perhaps reread 
several times during subsequent rotations or board 
preparation. The series is intended not to be exhaus- 
tive but to provide basic conceptual, factual, and inter- 
pretive material required for clinical practice. Each 
book is written by a nationally recognized authority in 
the respective subspecialty areas, and each author is 
challenged to present material in the context of today’s 
practice of radiology rather than grafting information 
about new imaging modalities onto old, out-of-date 
material. 

Dr. Zagoria, Dr. Dyer, and Dr. Brady have done an 
outstanding job in sustaining the philosophy of The 
Requisites in Radiology series and have produced 
another truly contemporary text for genitourinary 
imaging. I believe that Genitourinary Imaging: The 
Requisites will continue to serve residents in radiology 
as a concise and useful introduction to the subject and 
will also serve as a very manageable text for review by 
fellows and practicing radiologists. Congratulations to 
Dr. Zagoria, Dr. Dyer, and Dr. Brady on another out- 
standing contribution to the radiology book shelf. 


James H. Thrall, MD 
Radiologist-in-Chief Emeritus 
Massachusetts General Hospital 
Distinguished Juan M. Taveras Professor 
of Radiology 

Harvard Medical School 

Boston, Massachusetts 


Pretace to the Second Edition 


Books are for use, not for show; you should own no 

book that you are afraid to mark up, or afraid to place 
on the table, wide open ... 

William Lyon Phelps 

Professor at Yale University, 1901-1933 


The first edition of the textbook Genitourinary Radiol- 
ogy: The Requisites was published in 1997. When Glenn 
Tung and I wrote the first edition, we had no idea that 
it would be published at the beginning of a period of 
rapid change in the field of genitourinary radiology. In 
the first edition there is only a brief mention of using 
computed tomography (CT) for the detection of urinary 
tract stone disease, and little information on magnetic 
resonance (MR) of the urinary tract. Since that time, 
genitourinary radiology has ridden the wave of rapid 
advances in computer-based imaging technology. 
Helical CT has given way to multislice CT, with more 
rows of detectors being added continually. This has led 
to the development of new paradigms for genitourinary 
disease evaluation and improved diagnosis of pathology. 
Also, MR technology has rapidly progressed. The biggest 
advance has been development of rapid 3-D acquisi- 
tions, allowing radiologists to detect and characterize 
smaller renal lesions than with older techniques. 

The second edition of Genitourinary Radiology: The 
Requisites includes much new information. While the 
diseases are the same, and there has been little change 
in treatment techniques, the imaging evaluation of the 
genitourinary system has changed substantially. The 
second edition of this textbook has greatly increased 
coverage of CT stone studies, now a commonly used 
technique. Also, CT urography is rapidly replacing 
other techniques—intravenous urography, sonography, 
and abdominal radiography—in the evaluation of pa- 
tients with hematuria. While still evolving, this tech- 
nique is described in detail in this second edition. Other 
applications of CT, specifically 3-D reconstructions for 
treatment planning and diagnosis and advanced adrenal 
CT techniques, have been added to the textbook. The 
descriptions of CT angiography and MR angiography 


have been updated and expanded, as have their roles 
in vascular imaging of the genitourinary system. Also, 
in the second edition of this textbook I have maintained 
and expanded sections on interventional genitourinary 
radiology, the female genital tract, and the male genital 
tract. This gives the reader the opportunity to review 
the entire spectrum of genitourinary radiology with this 
one textbook. In fact, the revised section on genitouri- 
nary interventional radiology includes a description of 
percutaneous image-guided ablation of malignant renal 
tumors. This area was completely nonexistent when the 
first textbook was written. This field could rapidly 
expand as early results with this technique appear to 
be very promising. With the proven accuracy of radiolo- 
gists for identifying small renal cell carcinomas, image- 
guided treatment seems to be a natural evolutionary 
step. I hope that this information will spur others to 
advance this exciting new field. The second edition of 
this textbook has been substantially updated and now 
better reflects imaging of the genitourinary tract in the 
21st century. 

In authoring the second edition I have maintained 
the trademark style of The Requisites series. I have 
likened this style as analogous to the USA Today of 
textbooks; easily readable text that is factually concen- 
trated. This includes numerous figures, tables, and 
highlighted lists of key concepts in each chapter. I 
wanted this textbook to be used rather than left on a 
bookshelf unread. 

I am hopeful that the second edition of Genitouri- 
nary Radiology: The Requisites will be widely read by 
radiologists and others interested in genitourinary radi- 
ology. The intent of this textbook is to allow the reader 
to review and become educated in the key principles of 
genitourinary tract radiology, both diagnostic and inter- 
ventional. The second edition of this textbook reflects 
current state-of-the-art techniques in this field. 

Open this textbook regularly, mark it up, and feel 
free to leave it wide open on a table! 


Ronald J. Zagoria, MD 
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disease. First, the pharmacology of iodinated contrast 
media is reviewed. Adverse effects and an approach 
to the management of common adverse reactions 
are also discussed. The chapter then turns to the indi- 
vidual radiologic methodologies and examines the 
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2 Genitourinary Radiology: The Requisites 


general indications for the tests and guidelines for inter- 
pretation. The following sections review the cross- 
sectional imaging methods—ultrasonography, computed 
tomography (CT), and magnetic resonance imaging 
(MRI)—as well as angiography and nuclear medicine. 
Recommended methods for performing these examina- 
tions are presented in a series of appendices. 


== RADIOGRAPHIC CONTRAST MEDIA 


Radiographic contrast media (RCM) were developed to 
increase differences in the attenuation (absorption) of 
radiation by soft tissues. As a result, all commercially 
available radiographic contrast agents are triiodinated 
derivatives of benzoic acid. The other chemical con- 
stituents of the contrast molecule carry the iodine so 
that it can be delivered in large volumes, in high con- 
centrations, and with as little toxicity as possible. Some 
older contrast materials are ionic, which means that 
these agents dissociate into cations and anions in water. 
The osmolality of a solution is a measure of the number 
of dissolved particles in each liter of solution. Some 
of the adverse effects of RCM are related to hyperosmo- 
lality, which may be up to six times that of plasma. The 
density of RCM is related to the number of iodine atoms 
per milliliter of solution and directly correlates with 
x-ray attenuation. RCM can be subdivided into three 
classes, which are based on a ratio between the number 
of iodine atoms in the molecule and the number of 
osmotically active particles produced by that molecule 
in a solution (Table 1-1 and Fig. 1-1). At present, 
ratio 1.5 (high-osmolar contrast media, HOCM), ratio 
3 (low-osmolar contrast media, LOCM), and ratio 6 
(iso-isomolar, nonionic dimer, IOCM) agents are in 
active use. 

Allionic contrast media are salts of iodinated, organic 
molecules that dissociate completely in blood. Thus 
these molecules consist of a positively charged cation 
and a negatively charged anion. The diagnostically 
useful contrast molecule itself is the organic anion, 
which consists of an iodine-substituted benzene ring, 
with sodium or meglumine serving as the cation. The 


TABLE 1-1 Classification of Radiographic Contrast Media 
Tonicity Monomer or Dimer 


Ionic Monomer WS) 


Ratio* 


cation provides no radiographically significant informa- 
tion but contributes half of the osmotic effect of the 
medium. Diatrizoate and its derivatives are ionic mono- 
meric salts of triiodinated, fully substituted benzoic 
acids. As ratio 1.5 agents, ionic monomeric salts are 
also referred to as HOCM because, for every three 


x 
| IONIC MONOMER 
R R 
l 
x R 
l IONIC DIMER 
(MONOACID DIMER) 
R R R 
l | 
R 
| NONIONIC MONOMER 
R R 
l 
R R 
| | NONIONIC DIMER 
R R R 


FIGURE 1-1 Radiographic contrast media (RCM). All RCMs are 
based on a 2-, 4-, 6-substituted triiodobenzoic acid molecule. High- 
osmolar contrast media (ratio 1.5) are ionic monomers. Low-osmolar 
contrast media are either ionic dimers (ratio 3), nonionic monomers 
(ratio 3), or nonionic dimers (ratio 6). (R, hydrophilic, nonionizing 
side-chains; X, ionic moiety: -COO7 and either a sodium or methyl- 
glucamine cation). 


Relative Osmolality“ Examples 

~5 Diatrizoate 
Iodamide 
loglicate 
Iothalamate 
Ioxithalamate 
Metrizoate 


Dimer 3 
Nonionic 3 


Ionic 


~2 Ioxaglate 
1.5-1.8 Iohexol 
Iopamidol 
Iopentol 
Iopromide 
loversol 
Toxilan 


Nonionic Dimer 6 


1 Iodixonal 
Iotrol 


*Ratio between the number of iodine atoms per molecule and the number of osmotically active particles produced by that molecule in solution. 
‘Relative osmolality expressed as a multiple of serum osmolality, 278-305 mOsm/kg serum water. 
‘Data from product package inserts, product brochures, or technical information services. 
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iodine atoms in solution, there are two osmotically 
active particles in the solution. The ionic dimeric 
salts are ratio 3 contrast agents, consisting of an 
anionic moiety with two triiodinated benzene rings. 
Ioxaglate is an example of a monoacidic dimeric salt 
that is intended for intravascular use but not for 
myelography. 

The nonionic compounds were developed to reduce 
the osmolality of contrast agents while preserving excel- 
lent image contrast. The addition of a nonionizing 
glucose moiety to the carboxyl group transforms the 
iodinated benzoic acid derivative into a nonionic com- 
pound. The nonionic monomer class of RCM consists 
of ratio 3 agents because, for every three iodine atoms, 
there is only one particle in solution. lopamidol and 
iohexol are two examples of second-generation non- 
ionic monomers. These agents, along with the ionic 
dimer class of contrast medium, are referred to as 
LOCM because the osmolality of these compounds is 
about two times that of serum osmolality. The third 
class of RCM is made up of nonionic dimers that do not 
dissociate in solution. Iotrol and iodixanol provide six 
iodine atoms for every osmotically active molecule. 
These ratio 6 agents have the lowest osmolalities but 
also the greatest viscosity of all RCM because of the 
large molecular size. 


Pharmacokinetics 


All RCM are hydrophilic and have low lipid solubility. 
Having little affinity for proteins and membrane- 
bound receptors, RCM also are nearly inert having 
minimal pharmacologic action. After intravenous 
administration, the decline in the plasma concentration 
of contrast material results from diffusion into the 
extravascular space, vascular mixing, and renal excre- 
tion. The kidneys normally excrete more than 99% of 
the intravenous dose of contrast media. Less than 1% 
is excreted through nonrenal routes, including the hep- 
atobiliary system, sweat, tears, and saliva. All of the 
currently available contrast media are excreted through 
the kidney by glomerular filtration with no significant 
tubular excretion or resorption. HOCM causes signifi- 
cant osmotic diuresis, which secondarily decreases the 
tubular concentration of contrast medium. By compari- 
son, LOCM and IOCM cause less osmotic diuresis, and 
as a result, the concentration of ratio 3 and 6 contrast 
media in the urine is significantly higher. 


Contrast Nephropathy 


Contrast-associated nephropathy (CN) is defined as an 
acute impairment of renal function after exposure to a 
RCM. Although there are various specific definitions, a 
common definition of renal impairment is a rise in the 
serum creatinine level of at least 1.0 mg/dL within 2 to 
5 days of exposure to RCM. Creatinine levels usually 
return to normal by 7 to 12 days. Contrast nephropathy 
is typically reversible, but rare cases of permanent 
nephrotoxicity, which is more common when renal 
failure is oliguric, have necessitated dialysis or trans- 
plantation. A delayed, persistent nephrogram at 24 
hours has been observed in the majority of patients 


with CN, but this finding is not specific for CN. Various 
mechanisms have been suggested to explain the adverse 
effect of contrast media on renal function. Some puta- 
tive mechanisms include prerenal effects from dehy- 
dration or hypotension; direct effects on intrarenal 
hemodynamics; direct nephrotoxic effect on tubular 
cells; intratubular obstruction from proteinuria and uri- 
cosuria; and indirect nephrotoxic effects from an altered 
immunologic response. 

The most important risk factor for the development 
of CN is pre-existing renal insufficiency, practically 
defined as a serum creatinine level greater than 1.5 mg/ 
dL or estimated glomerular filtration rate (GFR) less 
than 45. Unsuspected azotemia caused by hypertensive 
nephropathy or vascular disease is especially prevalent 
in the elderly patient group. Pre-exposure dehydration, 
whether inadvertent or intentional, may exacerbate 
nephrotoxicity, particularly in patients with azotemia. 
Patients with insulin-dependent diabetes mellitus and 
secondary renal disease are at a particularly high risk 
for development of CN; the frequency of CN is 50% to 
100% when serum creatinine is more than 3.5 mg/dL in 
these patients. However, patients with diabetes mellitus 
or multiple myeloma and normal renal function do not 
appear to be at an increased risk. Repeated administra- 
tion of contrast material over a short period (within 24 
hours) increases the risk of developing CN. In general, 
a total iodine dose of 80 g in a 24-hour period is safe. 
With a total iodine dose of more than 100 g in a 24-hour 
period, the patient is at increased risk of renal failure. 

Compared with ionic counterparts, nonionic mono- 
mers cause fewer changes in the GFR and less tubular 
damage. However, some studies of patients with normal 
or slightly decreased renal function report no statistical 
difference in the prevalence of contrast-induced neph- 
rotoxicity between patients receiving ionic compounds 
and those receiving nonionic compounds. Other studies 
suggest that patients who have pre-existing renal insuf- 
ficiency, defined as serum creatinine levels between 1.4 
and 2.4 mg/dL, may be at higher risk for nephrotoxicity 
with HOCM than with LOCM. In 1993, Barrett and 
Carlisle concluded from a meta-analysis of 24 trials that 
the use of LOCM may be beneficial in patients with 
pre-existing renal failure because the mean postexpo- 
sure change in the serum creatinine level was 0.2 to 
6.2 umol/L less with LOCM than with HOCM. 

The prevention of CN first involves determining 
whether the requested examination is appropriate for 
the given clinical question. Directing the work up away 
from an examination requiring contrast material admin- 
istration is appropriate when the potential risks of 
adverse reaction might be serious or life threatening. 
Careful screening of patients for well-defined high-risk 
factors, known renal disease, advanced age, treatment 
with nephrotoxic drugs, renal insufficiency, and diabe- 
tes mellitus is mandatory. If any of these high-risk 
factors is present, an assessment of renal function is 
prudent. In patients with none of these risk factors, the 
likelihood of suffering permanent renal damage from 
CN is so remote that routine measurement of renal 
function is unnecessary. Preparation protocols that 
involve intentional dehydration or catharsis should be 
avoided. If multiple examinations requiring contrast 
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material are indicated, they should be performed over 
an extended period—for example, longer than 72 hours. 


Adverse Reactions 


As with other drugs, RCMs are associated with untow- 
ard reactions attributable to their physicochemical 
structure, direct toxic effects on sensitive organs, and 
allergylike reactions (anaphylactoid, idiosyncratic, or 
pseudoallergic). These adverse side effects occur after 
administration of 5% to 8% of all intravenous injections 
with ionic HOCM and in 1% to 3% of injections with 
nonionic or LOCM. Fortunately, most of these adverse 
reactions are minor in severity; they include sensations 
of body warmth, pruritus, urticaria, nausea, and 
vomiting. 

A practical way to classify untoward reactions to 
RCM is to group them by nature and clinical severity. 
e Mild contrast reactions include pruritus, hives, 

nausea, warmth, altered gustatory sensations, swell- 

ing of the face, conjunctival injection, and vomiting. 

In the majority of patients, no treatment beyond 

reassurance is necessary. However, like all untoward 

effects, these mild reactions require close observa- 
tion because they rarely do progress or are prodro- 
mal to more serious reactions. 

e Moderate non-life-threatening reactions occur in about 

1% to 2% of patients that receive HOCM. Examples 

of these types of reactions include bradycardia or 


TABLE 1-2 Management of Common Adverse Reactions to 


Adverse Reaction First Line 


Urticaria (hives) Reassurance 


tachycardia (especially when associated with acute 

changes in blood pressure), dyspnea, laryngospasm, 

and bronchospasm. Patients with moderate 
reactions require close monitoring and often require 
treatment. 

e Severe reaction is any reaction that is potentially life 
threatening. Often, the patient loses consciousness 
or has clinically significant dysrhythmia. Patients 
with severe reactions not only must be treated 
promptly, but almost always require hospi- 
talization for optimal treatment. Severe, life- 
threatening reactions occur after 0.05% to 0.10% 
of injections with HOCM. Reported fatalities at- 
tributable to reactions caused by contrast media 
are estimated to occur in one of every 75,000 
administrations. 

Most adverse effects are evident immediately after 
injection, and all life-threatening reactions occur within 
15 minutes after injection. Rarely, delayed reactions 
can occur 24 to 48 hours after exposure. However, these 
delayed reactions are almost exclusively mild in char- 
acter and include rash or pruritus and pain near the 
injection site. There is an increased risk of a delayed 
reaction to RCM injection in patients who have received 
interleukin-2 therapy. Iodine mumps refers to delayed 
parotid swelling caused by trace levels of free iodide in 
contrast media. Specific management of the more com- 
monly encountered mild and moderate adverse reac- 
tions is outlined in Tables 1-2 and 1-3. 


Radiographic Contrast Media 


Second Line Third Line 


Diphenhydramine Epinephrine intramuscularly 


or subcutaneously 


Vagal reaction Elevate legs; consider volume 


Atropine sulfate — 


expansion* 
Laryngeal edema Oxygen Epinephrine intramuscularly or Intubation 
subcutaneously 
Bronchospasm Oxygen Inhaled beta;-agonist” Epinephrine intramuscularly 


or subcutaneously* 


Hypotension and tachycardia Elevate legs; consider volume 


expansion* 


Epinephrine intravenously — 


*Volume expansion with 0.9% saline or lactated Ringer solution. 


Inhaled beta,-agonists, such as metaproterenol, albuterol, or nebulized terbutaline. 
‘Alternatives to subcutaneous epinephrine in the management of bronchospasm include aminophylline drip or terbutaline (subcutaneous or intramuscular). 


TABLE 1-3 Drugs Used in the Management of Common Adverse Reactions 


Drug Trade Name Dose Route of Administration 
Albuterol Proventil, Ventolin — Inhaled 
Aminophylline drip — 6 mg/kg loading dose; 0.5-1.0 mg/kg/h intravenous Intravenous 
drip 
Atropine sulfate — 1-mé doses to a total of 2 mg Intravenous 


Diphenhydramine Benadryl 25-50 mg Oral/intramuscular/intravenous 
Epinephrine — 1:10,000 dilution; 3-mL doses to a total of 10 mL Intravenous 

Epinephrine — 1:1000 dilution; 0.3-mL dose to a total of 1 mL Intramuscular or subcutaneous 
Metaproterenol Alupent, Metaprel — Inhaled 

Terbutaline — 0.25-0.5 mé Subcutaneous/intramuscular 
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The frequency and severity of reactions to contrast 
material may be influenced by the type, dose, route, 
and rate of delivery. Experimental and clinical data 
suggest that LOCM produces fewer chemotoxic adverse 
side effects compared with HOCM. The prevalence of 
anaphylactoid reactions may also be lower. Multicenter 
surveillance studies have estimated that the relative 
risk of any adverse reaction is reduced by a factor of 3 
to 8, and the risk of severe reaction is reduced by a 
factor of 4 to 12 when LOCM are used. The prevalence 
of most reactions is greater with the intravenous route 
than with the intra-arterial route. Exposure of mast 
cell-rich pulmonary capillary beds to relatively higher 
concentrations of contrast may explain this observa- 
tion. However, the prevalence of severe reactions is 
greater after intra-arterial injections. Bolus intravenous 
injection produces fewer reactions compared with drip 
infusion. 

If the use of nonionic or other LOCM is selective, the 
prevention of adverse reactions to HOCM depends on 
identifying those patients at higher risk for these reac- 
tions. In these patients, the selective use of LOCM or 
medical pretreatment, or both is logical and advised. 
For patients with a history of allergy or asthma, the 
relative increased risk of any adverse reaction is about 
two times that for the general population. In any patient 
who is debilitated or has a history of severe cardiopul- 
monary disease, the effects of even a moderate reaction 
may be poorly tolerated. For patients who have a history 
that includes an adverse reaction after RCM exposure, 
the re-reaction prevalence is 17% to 35%, or three to 
eight times the risk for the general population. 

Several studies have concluded that medical pre- 
treatment can reduce the prevalence of adverse side 
effects in high-risk patients to that observed in the 
general population. Most of these premedication regi- 
mens include a corticosteroid administered alone or 
together with either an H1- or an H2-antihistamine. 
Steroids exert a salutary effect through stabilization of 
membranes and therefore may impede release of criti- 
cal mediators of anaphylactoid reactions. In a group of 
patients with a history of adverse reaction to RCM, 
Lasser and associates concluded that pretreatment 
with an oral regimen of methyl-prednisolone 32 mg, 
taken 12 and 2 hours before the intravenous adminis- 
tration of HOCM, decreased the occurrence of all classes 
of reactions. Other studies delivering a three-dose 
oral regimen of prednisone 50 mg, taken every 6 hours 
beginning at least 13 hours before exposure to HOCM, 
and diphenhydramine 50 mg, administered orally or 
intramuscularly 1 hour before exposure to HOCM, 
have also demonstrated reduced reaction prevalence 
(Box 1-1). 


BOX 1-1 


Pretreatment Protocol for Intravascular 
Administration of lodinated Contrast in Patients 
Who Have Had a Previous Major Reaction 


1. Prednisone 50 mg per os or intravenously; 13 hours, 
7 hours, and 1 hour before contrast material injection. 

2. Diphenhydramine 50mg per os or intravenously; 
30-60 minutes before contrast material injection. 


== RADIOLOGIC EXAMINATIONS 
Computed Tomography Urography 


CT urography (CTU) is the most accurate and compre- 
hensive urinary tract imaging evaluation. It allows 
detailed images to be obtained of the vasculature, renal 
parenchyma, and the urothelium along the entire length 
of the urinary tract. The advent of multidetector CT 
made CTU possible. There is no significant motion arti- 
fact, studies can be completed during a single breath 
hold, and low dose multiphase imaging can be obtained 
to cover the entire urinary tract. Indications for CTU 
are broad, but the main indication is usually hematuria. 
Other common indications include screening for 
urinary tract neoplasms in patients with a history of 
cancer, or for surveillance following cancer treatment, 
evaluation of congenital urinary tract anomalies, evalu- 
ation of ureteral obstruction, evaluation before or after 
urinary tract surgery, and for patients with suspected 
urinary tract injuries. CTU allows optimal stone detec- 
tion, excellent renal mass detection and characteriza- 
tion, diagnosis and staging examination for renal 
tumors, vascular anatomy assessment, and evaluation 
of the urothelium with a single examination. 


Computed Tomography Urography Technique 


There are three essential phases in a CT urogram. 
These three phases are a noncontrast CT, a nephrogram 
phase CT, and an excretory phase CT (Fig. 1-2). Each 
of these phases is important for a comprehensive study 
of the urinary tract. Noncontrast CT is used to detect 
stones, calcifications in renal masses, to get baseline 
measurements to determine mass enhancement, and 
for detection of small amounts of fat in a renal mass. 
The CT nephrogram phase is essential for the detection 
of renal and urothelial masses (Fig. 1-3), mass charac- 
terization including enhancement measurement, and 
determination of the Bosniak classification for cystic 
renal masses. The excretory phase study is important 
to detect abnormalities of papillary necrosis (Fig. 1-4), 
and for filling defects (Fig. 1-5) and wall thickening 
in the urothelium. In order to obtain these three 
essential elements of a CTU, there are various 
approaches, but two main approaches have evolved and 
are used for most CTUs. A three scan CTU encompasses 
three separate scans through the entire urinary tract 
(Appendix A): one scan during the noncontrast phase, 
one scan during the nephrogram phase, and the final 
scan during the excretory phase. The two scan tech- 
nique, also known as a split bolus CTU, includes a 
precontrast CT of the urinary tract followed by a second 
sean which combines both the nephrogram phase and 
the excretory phase. For both protocols all scans should 
be obtained using 2.5 mm (or thinner) collimation. 
Multiplanar reconstructions should be obtained using 
the thinnest reconstructions available for high- 
resolution reformations. 

For the three scan CTU, a precontrast CT of the 
abdomen and pelvis from just above the kidneys to just 
below the bladder base is performed. This is followed 
by nephrogram phase scans. The nephrogram phase 
scan is obtained following power injection of at least 
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FIGURE 1-2 Computed tomography urogram (CTU) images show 
the three phases of a CTU. A, Noncontrast shows a cystic mass in the 
left renal sinus. B, Nephrogram phase is shown and is best for diag- 
nosing renal tumors and urothelial tumors. C, Image shows the excre- 
tory phase and demonstrares that the cystic mass is a renal sinus 
cyst. Excretory phase is best for diagnosis of papillary necrosis and 
other abnormalities of the pyeloureteral lumen. 


125 mL of contrast material at a rate of 4 mL/second. 
The scan delay is optimally between 85 and 120 seconds 
after the beginning of contrast injection. Excretory 
phase CT scans should be obtained 10 to 15 minutes 
following the initiation of intravenous contrast material 
injection. Furosemide (Lasix) has been shown to 


rn 
FIGURE 1-3 Computed tomography urogram (CTU) images show 
advantage of the nephrogram phase. A, Scan through the kidneys 
during the cortico-medullary phase and no renal mass is detectable. 
B, During the nephrogram phase a 1.5 cm mass (arrow) is readily 
visible in the right kidney. This was biopsied before ablation and 
proven to be a renal cell carcinoma. C, In another patient, scan 
through the mid ureters (arrows) shows a thickened and avidly 
enhancing area in the right ureter that was biopsied and proven to 
be a urothelial carcinoma. The nephrogram phase is optimal for renal 
parenchymal mass and malignant urothelial mass detection. 


substantially improve urinary tract distention during 
this phase and therefore 10 mg of furosemide may be 
injected intravenously 3 to 5 minutes before the excre- 
tory phase scans. Low-dose CT can be utilized during 
the noncontrast phase and excretory phase scans to 
reduce radiation dose for this CTU protocol. Abnor- 
malities detected during these phases tend to be high 
contrast abnormalities that can be readily detected 
even with low-dose CT technique. 

The technique for split bolus CTU is significantly 
different. Initially a noncontrast CT of the entire urinary 
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Excretory phase shows a ball-on-tee outpouching filled 
with excreted contrast material; a finding diagnostic of papillary 
necrosis. This finding is only detectable with computed tomography 
urogram (CTU) during the excretory phase. 


Excretory phase image from a computed tomography 
urogram (CTU) shows a conspicuous polypoid filling defect in the 
right renal pelvis. This was proven to be urothelial carcinoma. 


tract is obtained using thin collimation as described 
above. After the scan 10 mg of furosemide is injected 
intravenously. Immediately following this injection 
50 mL of intravenous contrast material is injected. Fol- 
lowing a 6-minute delay, a second bolus of 100 mL of 
contrast material is injected at a rate of 4 mL/second. 
The entire urinary tract is scanned using a 100 second 


Flat bladder tumor best seen during the nephrogram 
phase. A, During the nephrogram phase a flat area of increased 
enhancement is seen in the posterior bladder wall. This was biopsy 
proven to be urothelial carcinoma. B, During the nephrogram phase 
this mass is not detectable. 


delay. The second scan in this protocol will yield com- 
bined nephrogram and excretory phase images. 

There are significant benefits of utilizing the three 
scan CTU protocol. It is very important to detect lesions 
that show urothelial enhancement. These may be 
impossible to detect using the split bolus technique. 
The detection of urothelial tumors is greatly improved 
when enhancement within the lesions can be visual- 
ized. This may be obscured on the combined excretory 
and nephrogram phase split bolus scans. For the detec- 
tion of urothelial carcinomas, a challenge for radiolo- 
gists, it has been shown that there is a higher sensitivity 
using the nephrogram phase than the excretory phase. 
A radiologist is more likely to miss flat bladder (Fig. 
1-6), and pelvocalyceal cancers utilizing the split bolus 
technique than with the three scan CTU protocol. The 
authors of this chapter recommend utilizing the three 
scan protocol for most patients, and limiting use of the 
split bolus technique to those patients who have very 
low risk of urothelial carcinoma, predominately for 
very young patients, such as kidney transplant donor 
candidates. 
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Computed Tomography Urography Interpretation 


The precontrast CT images should be evaluated for the 
presence of urinary tract calculi, fat containing renal 
masses, and to determine baseline measurements of 
any masses detected on later scans. Nephrogram phase 
scans should be evaluated in great detail to detect renal 
parenchymal tumors and enhancing urothelial lesions. 
A substantial number of renal masses will go unde- 
tected during earlier corticomedullary phase scans. 
The nephrogram phase, 85 to 120 seconds following the 
initiation of contrast material injection, is the optimal 
phase for detecting renal tumors. It is also crucial to 
carefully evaluate the entire length of the urothelium, 
including the ureters and bladder, during the nephro- 
gram phase. Urothelial carcinomas are best, and some- 
times only, detected during this phase of the CTU. 
Urothelial carcinomas almost always enhance very 
avidly and therefore are usually readily detectable 
during this phase. Most urothelial carcinomas will 
appear as focal areas of enhancement during this phase. 
Other causes of increased enhancement include inflam- 
mation and infection. In most of these benign situations 
the enhancement covers a long segment of the urothe- 
lium without enhancing focal masses. Excretory phase 
images should be evaluated carefully for intraluminal 
filling defects and for changes of papillary necrosis. 
Images in this phase of scanning should be evaluated 
with various window and level settings. Standard soft 
tissue setting should be used to evaluate for wall thick- 
ening, and bone window and level settings can be uti- 
lized to detect intraluminal filling defects that may be 
obscured by the excreted contrast material. 

CTU is a very sensitive test for the detection of uro- 
thelial carcinomas, but it is not highly specific for 
smaller masses. Approximately 80% of urothelial masses 
larger than 5 mm in diameter are malignant. This per- 
centage is increased to 92% if urine cytology is suspi- 
cious or positive for urothelial carcinoma. Approximately 
50% of cases of urothelial thickening represent carci- 
noma. This percentage is increased to 90% if there is 
positive or suspicious urine cytology in the patient. 
Alternatively, masses smaller than 5 mm are not usually 
malignant. These abnormalities typically represent 
inflammatory lesions or imaging artifacts. When only 
small masses are detected, imaging follow up or ure- 
teroscopy is advisable before initiation of treatment. As 
urothelial carcinomas are often multifocal, once a mass 
is detected, careful scrutiny of the remainder of the 
urothelium is advised. While cystoscopy is often per- 
formed in patients with hematuria, careful evaluation 
of the bladder during the nephrogram phase is recom- 
mended. The detection of bladder carcinomas with 
CTU is nearly as accurate as cystoscopy. 

In summary, CTU is the best imaging test for hema- 
turia evaluation and as a comprehensive evaluation of 
the urinary tract. Key components of performance and 
interpretation for CTUs have been described. The three 
scan CTU is preferable in most instances since there is 
improved sensitivity for detection of urothelial carcino- 
mas. A nephrogram phase scan at approximately 100 
seconds following the injection of contrast material 
should be utilized to optimize detection of renal 


parenchymal tumors and urothelial masses. Thoroughly 
evaluate the entirety of the urinary track during the 
nephrogram phase to detect small enhancing masses. 
Cancers will be best, or perhaps only, detected during 
the nephrogram phase. Furosemide should be used 
whenever possible to improve ureteral distention during 
the excretory phase scans. Excretory phase scans 
should be viewed with various window and level set- 
tings to detect wall thickening, changes of papillary 
necrosis, and inflammatory filling defects. 


Intravenous Urography 


Intravenous urography (IVU), once the test of choice as 
a screening examination of the upper and lower urinary 
tracts, is rarely used today, having been superseded by 
CTU, MRI, and ultrasound examinations. This test is 
primarily used to investigate a suspected or known con- 
genital anomaly of the urinary tract, or a limited IVU 
for suspected ureteral obstruction during pregnancy 
when other tests are unavailable or inconclusive. 

Because the appearance of contrast medium in the 
renal tubules depends on glomerular filtration, renal 
visualization may be suboptimal in patients with mod- 
erate and severe renal failure. In general, urography is 
unlikely to be useful in patients with serum creatinine 
levels above 3.5 to 4.0 mg/dL. In addition, the risk of 
contrast nephropathy is increased with serum creati- 
nine levels above 1.5 mg/dL. 


Normal Intravenous Urogram 


A careful evaluation of the preliminary or scout film is 
mandatory. This preliminary film is not only important 
for the subsequent interpretation of the IVU, but it may 
provide important ancillary information about the axial 
skeleton, abnormal calcifications, visceral enlargement, 
soft tissue masses, and bowel gas pattern (i.e., “bones, 
stones, mass, gas”). Renal shadows and the pubic sym- 
physis must be included on the preliminary film. 

At 60 to 90 seconds after the bolus administration of 
contrast medium, a cortical nephrogram can be seen. 
The nephrogram represents contrast material within 
the tubules and depends on the plasma concentration 
of contrast and the GFR. The peak nephrogram density 
after bolus administration of contrast occurs earlier and 
is somewhat greater, but it decreases more rapidly than 
when contrast medium is given by intravenous drip 
infusion. The lower limit of normal renal length can be 
approximated by the distance between the superior 
endplate of L1 and the inferior endplate of L3. Renal 
length should not exceed the span of the first four 
lumbar vertebrae. Peak opacification of the intrarenal 
collecting system and renal pelvis occurs approximately 
5 minutes after contrast material administration (Fig. 
1-7). Ureteral filling with contrast begins at about this 
time, and peak opacification occurs 5 to 10 minutes 
after intravenous contrast material is given. As contrast 
medium slowly appears in the bladder, it preferentially 
collects against the dependent posterior wall in the 
patient positioned supine. In the patient positioned 
prone, contrast is seen along the anterior bladder wall, 
which is in a relatively more cephalad position than the 
posterior wall. The mucosal pattern of the bladder is 
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FIGURE 1-7 The normal ureter on intravenous urogram. Anteropos- 
terior (A) and oblique (B) 15-minute urograms demonstrate the 
normal morphology of the collecting system. The abdominal part of 
the ureter begins at the renal pelvis. In general, a ureter that is medial 
to the ipsilateral lumbar pedicle is abnormally deviated medially, and 
a ureter that lies more than 1 cm lateral to the tip of the ipsilateral 
lumbar transverse process is deviated laterally. The abdominal 
ureters should be separated by 5 cm or more. The pelvic part of the 
ureter begins where it crosses the iliac vessels at the pelvic brim 
(arrow). The level of the ureterovesical junction is approximated by 
the ipsilateral ischial spine. Normal areas of ureteral narrowing are 
expected at the ureteropelvic junction, at the pelvic brim, and at the 
ureterovesical junction. 


best assessed on the film after voiding because dense 
contrast in the filled bladder may obscure a lesion (Fig. 
1-8). Furthermore, a radiograph obtained after voiding 
that shows complete emptying suggests normal bladder 
function. The converse is not true, however, because a 
moderate amount of residual urine may be explained 
by causes other than dysfunctional micturition. 


Cystography and Urethrography 


Retrograde cystography is the radiologic evaluation of 
the bladder after instillation of contrast material by 
catheter, either transurethral or suprapubic, or by 
needle puncture. Voiding cystourethrography (VCUG) 
is contrast radiography of the urinary bladder and 
urethra during spontaneous micturition (Appendix B). 
Dynamic retrograde urethrography is radiography of 
the urethra while it is being distended by instillation of 
contrast through a catheter (Appendix C). 

The main indications for cystography are the evalu- 
ation of acquired disorders of micturition, vesicoure- 
teral reflux, and traumatic injury of the bladder. Injury 
to the bladder should be suspected in a patient with 
difficulty voiding, pelvic fracture, gross hematuria after 
trauma, or iatrogenic injury during surgery or instru- 
mentation. Radiologic evaluation of the bladder fre- 
quently is performed before renal transplantation and 


in patients with spinal cord injury. Cystography has 
been used to distinguish a mechanical obstructive cause 
of micturition dysfunction from a neurogenic cause. 
VCUG in children is used to determine whether vesico- 
ureteral reflux or a congenital anomaly of the urinary 
tract is responsible for urinary tract infection or 
collecting-system dilatation. In adults, reflux should be 
suspected in the patient with an upper urinary tract 
infection when no other cause is plausible or when 
reflux nephropathy is noted on urograms. In women, 
cystourethrography frequently is used to evaluate stress 
incontinence or suspected urethral diverticulum. In 
men, benign prostatic hyperplasia and urethral stric- 
ture are common reasons why cystourethrography is 
performed. 

In boys or men, the main indication for dynamic 
retrograde urethrography is suspected injury or stric- 
ture of the anterior urethra. If no trauma to the urethra 
is documented by urethrography, the catheter can be 
advanced safely into the bladder. As necessary, cystog- 
raphy may follow. Urethrography with a double-balloon 
catheter is performed in women primarily when a ure- 
thral diverticulum is suspected but cannot be confirmed 
by VCUG or MRI. 


Normal Cystogram and Urethrogram 


The wall of the distended bladder is smooth and thin. 
In men, the height (vertical dimension) of the bladder 
may be greater than the width (horizontal dimension); 
the opposite is often true in women. The base of the 
bladder is normally at or just below the level of the 
superior pubic ramus. The base is slightly convex in 
the supine position, but it is funnel-shaped when the 
patient voids in an upright position. 

The male urethra consists of the anterior and poste- 
rior segments (Fig. 1-9). The posterior urethra is divided 
into the prostatic and membranous parts and extends 
from the internal sphincter (at the bladder neck) to the 
external sphincter (at the urogenital diaphragm). The 
prostatic part is normally wide and passes through 
the transitional zone of the prostate gland. The veru- 
montanum (urethral crest) is an elongated, oval filling 
defect on the posterior wall of the prostatic urethra; the 
prostatic urethra ends at the distal end of the verumon- 
tanum. The external sphincter is distal to the verumon- 
tanum and creates a narrowing on the retrograde 
urethrogram; this is the membranous part of the poste- 
rior urethra. The anterior urethra is divided into the 
bulbar and penile parts. The bulbous part of the ante- 
rior urethra extends from the external sphincter to the 
penoscrotal junction, where the penile urethra is angled 
by the suspensory ligament of the penis. Cowper glands 
are embedded in the muscle of the urogenital dia- 
phragm, and its ducts enter the floor of the bulbar 
urethra. The penile or pendulous urethra is the most 
distal part of the anterior urethra and ends at the exter- 
nal meatus. Just proximal to the external meatus, there 
may be a slight widening of the penile urethra, the fossa 
navicularis. 

The female urethra is approximately 4 cm in length 
and extends from the internal urethral orifice (at the 
bladder neck) to the external orifice (anterior in the 
vagina). The urethra is widest at the bladder neck 
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FIGURE 1-8 Urograms and cystograms of the normal bladder. A, Supine anteroposterior urogram demonstrates the 
normal bladder wall. B, The postvoid film shows the normal mucosal pattern of the empty bladder. C, On the cysto- 
gram, the anterior and posterior margins of the bladder overlap. The walls of the bladder are smooth. D, On this 
oblique cystogram with a Foley catheter at the bladder neck, the superior surface and apex or anterior part of the 
bladder are more cephalad than the base and neck or posterior part of the bladder. a, Anterior; p, posterior. 


FIGURE 1-9 Left posterior oblique voiding cystourethrogram dem- 
onstrates the normal appearance of the male urethra. The veru- 
montanum (open arrow) is a mound of tissue that causes a focal 
filling defect along the posterior wall of the prostatic urethra. The 
focal narrowing (small arrow) distal to the prostatic urethra is 
caused by the external urethral sphincter and denotes the membra- 
nous part of the posterior urethra. Another normal narrowing (curved 
arrow) can be seen at the penoscrotal angle. The anterior urethra 
consists of the bulbous (b) and the penile or pendulous (small double 
arrows) urethra. 


and tapers distally; it has an oblique anterior course 
(Fig. 1-10). 

Further discussion of the anatomy of the male 
urethra and other examples of normal radiographic 
examinations of the bladder and urethra can be found 
in Chapter 6. 


Retrograde Pyelography 


Retrograde pyelography (RP) is radiography of the 
ureter and renal collecting system after direct injection 
of contrast material into the ureter. The technique 
usually requires cystoscopy. A 4- to 7-F ureteral cath- 
eter with a round, bulb, or spiral tip is used to cannulate 
and obstruct the ureteral orifice. Many of the current 
catheters have open ends that allow passage of a guide- 
wire for further endourologic manipulation. Contrast 
medium is instilled slowly by syringe or by gravity flow. 
Alternatively, a flexible catheter can be passed over a 
guidewire into the upper ureter or renal pelvis, and 
contrast is instilled through the catheter. 

RP is not an adequate screening examination of the 
urinary tract because the renal parenchyma is not 
directly opacified. For this reason, and because it is an 
invasive procedure, RP is usually performed after pre- 
liminary urography, sonography, MRI, or CT, which 
may suggest the presence of a filling defect, mass, or 
obstruction of the collecting system. Indications for RP 
include evaluation of the ureter when not adequately 
visualized by other methods, evaluation of a filling 
defect in the renal pelvis or ureter, and evaluation of 
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FIGURE 1- 


10 Voiding cystourethrogram shows the normal urethra in a woman. The urethra is 4 cm in length and 


tapers distally; its length corresponds to the male posterior urethra. The base and neck of the bladder assume a funnel 


shape during micturition. 


the collecting system in patients with hematuria when 
no clear cause is found after other imaging investiga- 
tion. RP is also performed as a preliminary examination 
before selective collection of urine from each kidney or 
before ureteral brushing and biopsy in suspected uro- 
thelial malignancy. 


Interpretation 


For a study result to be considered normal, the entirety 
of the ureters and collecting system must be demon- 
strated. If present, the entire length of a ureteral filling 
defect should be shown. The calyces are blunted fre- 
quently on retrograde pyelograms because contrast 
material is injected under positive pressure. Backflow 
occurs when there is rupture at the calyceal fornices or 
retrograde opacification of the collecting ducts (pyelo- 
tubular backflow). With pyelosinus back-flow, there is 
opacification of renal sinus tissues around the calyces, 
renal pelvis, or proximal ureter after forniceal rupture 
(Fig. 1-11). The arcuate veins, distal collecting tubules, 
and hilar lymphatic vessels are opacified with pyelove- 
nous, pyelotubular, and pyelolymphatic backflow, 
respectively. 


Complications 


The most commonly reported complication of RP is 
perforation of the ureter or renal pelvis. Spasm or 
edema of the ureter may cause transient obstruction. 
Contrast medium can be absorbed during RP, and 
moderate or severe reactions may occur, although 
they are rare. Sepsis may complicate an injection of 
contrast material proximal to a site of pelvoureteral 


obstruction. 


Urodynamic Antegrade Pyelography 


Dilatation of the collecting system does not always 
result from mechanical obstruction. Residual ectasia 
from previous obstruction, vesicoureteral reflux, con- 
genital malformation, or high urine-flow states are 


tte on 


FIGURE 1-11 Pyelosinus backflow. A retrograde pyelogram demon- 
strates the normal course and contour of the right ureter; blunting of 
the calyces can be normal. Streaks of contrast material extend from 
an upper and a lower pole calyx (arrows). Pyelosinus backflow 
results from microtears of the calyceal fornix caused by the positive 
pressure of the retrograde injection. 
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common disorders that can cause dilatation of the col- 
lecting system in the absence of obstruction. Evaluation 
of a dilated collecting system with a renal scan or by 
measuring contrast material excretion rates after ante- 
grade or RP may not be optimal in patients with poor 
renal function, a markedly dilated or tortuous ureter, 
or a urinary bladder diversion. For patients in whom it 
is unclear whether collecting system dilatation is asso- 
ciated with a pressure gradient between the upper col- 
lecting system and bladder, urodynamic antegrade 
pyelography (ureteral perfusion test or Whitaker 
pressure/flow examination) is indicated. This study 
quantifies resistance within the collecting system by 
measuring the pressure gradient between the kidney 
and bladder at known rates of flow. 


Technique 


Urodynamic antegrade pyelography is an invasive 
examination, requiring antegrade pyelography. VCUG 
is performed first to exclude vesicoureteral reflux. The 
vesicle catheter is left in place, and the patient is turned 
to a prone position on the fluoroscopy table. Standard 
needle puncture of the kidney is performed with a 20- 
to 22-gauge needle. The antegrade needle and the 
vesicle catheter are attached to separate manometers, 
which are positioned at the level of the urinary bladder. 
The opening or resting pressure of the kidney is 
recorded. An antegrade pyelogram is performed. Next, 
dilute iodinated contrast medium is instilled through 
the antegrade pyelography needle, and an infusion 
pump is used to regulate the flow. Perfusion of the col- 
lecting system at a rate of 10 mL/minute is continued 
until the entire pyeloureteral system is opacified, 
usually after approximately 5 minutes. At this time, the 
infusion pump is stopped, and the pressure within the 
collecting system and urinary bladder is measured and 
recorded (Fig. 1-12). 


Interpretation 


With chronic hydronephrosis, elevated intrarenal pres- 
sure gradually decreases as renal function decreases 
and as the compliance of the dilated collecting system 
increases. The opening pressure of the renal collecting 
system may be normal or only slightly elevated, par- 
ticularly in the setting of chronic obstruction. For this 
reason, the opening intrarenal pressure is significant 
only when it is substantially elevated (i.e., >50 cm 
H:O). A more meaningful assessment of pyeloureteral 
resistance is the differential pressure (DP) between 
the bladder and the kidney. As the bladder fills, intra- 
vesical and renal pelvis pressures increase, but the DP 
decreases. At a perfusion rate of 10 mL/minute, the 
normal DP is less than 13 em H,O. Mild, moderate, or 
severe mechanical obstruction is suggested by a DP of 
14 — 20, 21 — 34, or > 34 cm H,O, respectively. 
When the DP is in the high normal or low abnormal 
range, the infusion rate can be increased from 
10 mL/minute to 15 mL/minute or even 20 mL/minute. 
At these higher rates of flow, the normal range of 
values for the DP increases. At an infusion rate of 
15 mL/minute in a patient with an empty bladder, the 
normal upper-limit value for the DP is 18 cm H,O, and 
at 20 mL/minute it is 21 cm H,O. 


FIGURE 1-12 Distal ureteral stricture demonstrated by urodynamic 
antegrade pyelography. A 22-year-old woman with recurrent urinary 
tract infections was referred for a Whitaker test because minimal 
dilatation of the right ureter was seen on an intravenous urogram. 
A, The opening pressure was 10 cm H,O, and the antegrade pyelo- 
gram shows multiple ureteral narrowings that were attributed to 
peristalsis. B, At a perfusion rate of 10 mL/minute, the differential 
pressure increased to 32 em H,O (normal < 13 em H2O). Pyelogram 
demonstrates ureteropelvocaliectasis caused by a focal stricture of 
the distal ureter (arrow). 


Ileostoureterography (Ileal Loopogram) 


IVU, CTU, radionuclide studies, and sonography are 
used commonly to evaluate patients with a cutaneous 
ureteroileostomy. The urogram can be used to evaluate 
the collecting system and ileal loop, and in the majority 
of patients it provides the necessary anatomic and func- 
tional information. Radionuclide imaging can be used 
to quantify upper urinary tract function and provides 
some anatomic information. Sonography is used to 
evaluate the size of the intrarenal collecting system, 
particularly in patients with poor renal function or con- 
traindications to urography, but it is not well suited to 
evaluate the ureters. For rapid, complete opacification 
of the conduit, ureters, and pelvocalyceal system; or if 
poor renal function precludes optimal anatomic evalu- 
ation of the collecting system by CT or IVU; or if there 
is a contraindication to performing urography, a retro- 
grade contrast examination of the ileal loop and renal 
collecting system (ileostoureterogram or ileal loopo- 
gram) may be performed (Appendix D). 

Ileostoureterography is usually performed to evalu- 
ate the urothelium for neoplasms, to detect ureteral 
obstruction, or to delineate the site of obstruction if the 
patient has progressive hydronephrosis and the cause 
is not apparent after IVU or radionuclide renography. 
Causes of mechanical obstruction include urolithiasis, 
ureteroileal anastomotic strictures, midloop stenosis, 
and stomal stenosis. Although CTU is usually diagnostic 
in patients with ureteroileal leak, an ileal loopogram 
can also confirm this diagnosis. 
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Interpretation 


The ileal conduit should be evaluated for size and 
shape. The ileal conduit is usually constructed in the 
right lower quadrant and is 12 to 15 cm in length. It is 
important to evaluate for segmental narrowings attrib- 
utable to loop ischemia. These stenoses may cause 
obstruction. 

Free reflux of contrast material through the ure- 
teroileal anastomoses permits evaluation of the collect- 
ing system of the upper urinary tract. However, in 
approximately 10% of patients, reflux of contrast mate- 
rial is not possible and the antegrade flow of urine 
through the ureteroileal anastomosis is normal. The 
course and contour of the ureters must be evaluated. 
The left ureter may opacify later than the right ureter 
because the left ureter is tunneled beneath the mesen- 
tery. Mild dilatation of the ureter and blunting of the 
calyces is normal because contrast material is instilled 
under positive pressure Any filling defect or 
stenosis should be filmed in multiple projections. 


Complications 


Because the vigorous instillation of contrast medium 
can result in bacteremia, preprocedure medication with 
antibiotics is recommended. A rare complication of loo- 
pography is the development of autonomic dysreflexia 
in patients with spinal cord injuries. This complication 
is thought to result from overdistension of the ileal loop 
and may result in severe hypertension. 


Hysterosalpingography 


Hysterosalpingography is a radiographic method of 
examining the endometrial cavity and the lumen of the 
fallopian tubes after instillation of contrast material 
into the cervical canal (Appendix E). The main indica- 
tion for hysterosalpingography is the evaluation of 
patients with primary or secondary infertility. Patients 
who have had tubal reconstructive surgery may undergo 
hysterosalpingography to evaluate tubal patency and 
morphology and to assess the development of paratubal 


FIGURE 1-13 Radiography of the ileal loop conduit. 
A, Retrograde ileostoureterogram (ileal loopogram) 
shows a nonobstructed collecting system. Distention 
of the collecting system can be a normal finding on 
retrograde urograms. B, On a magnified, coned view, 
the left ureter (arrow) crosses the midline to reach 
the ileal conduit in the right lower quadrant. C, 
Compare the appearance of the collecting system on 
this intravenous urogram with its appearance on the 
ileal loopogram. 
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adhesions. Hysterosalpingography is also performed in 
patients with known or suspected miillerian anomalies, 
which may manifest as infertility, multiple miscar- 
riages, premature labor, or fetal malpresentation. Hys- 
terosalpingography may also be used to determine the 
location of a uterine leiomyoma relative to the endo- 
metrial cavity. Threc[eontraindicationsĵto hysterosal- 
pingography are pregnancy, acute pelvic infection, and 
active menstruation. 


Normal Hysterosalpingogram 

The opacified endometrial and endocervical cavities 
have the shape of a triangle with an elongated apex. The 
base of the triangle is the fundus; with anteflexion of 
the uterus, a common position when the bladder is 
empty, the fundus may be located inferior to the lower 
corpus and cervix. The elongated apex of the triangle 
is the endocervical cavity, which has a jagged contour 
because of the cervical mucosa 
and size of the endometrial cavity should 
and any displacement of the cavity or filling defects 
within it should be reported. 


The fallopian (uterine) tubes insert at the cornua of 
the uterus. From medial to lateral, there are four named 
parts of each fallopian tube: interstitial (intramural 
isthmus, ampullary, and infundibulum edz TTD] 
The patency, size, and shape of the fallopian tubes 
should be evaluated. The examination is concluded 
when contrast material can be seen around loops of 
small bowel or if tubal occlusion is demonstrated. When 
there is tubal obstruction, the site of the blockage 
should be reported. It is also important to report if 
there is pooling of contrast material in the peritoneal 
cavity around the patent fallopian tube, which suggests 
adhesions. 


Complications 

Complications of hysterosalpingography include pain 
and infection. Pelvic pain, similar to menstrual cramps 
and typically mild or moderate, may begin during the 
procedure and continue for as long as several hours 
afterward. As many as 80% of patients may experience 
varying degrees of pelvic pain, which is not related to 
the type of contrast material administered. Fever, which 


FIGURE 1-14 Catheter hysterosalpingograms 
demonstrate the normal uterus and fallopian 
tube. <A, The normal endometrial and 
endocervical cavities of an anteflexed uterus are 
shown. The tip of the catheter is in the 
endocervical canal, which has a feathery 
contour. B, The interstitial part of the right 
fallopian tube (long arrow) is contained in the 
myometrium. The gracile part of the tube, the 
isthmus (open arrow), inserts at the uterine 
cornua. The tube flares laterally, forming the 
ampulla (curved arrow) and the infundibulum. 
The infundibulum opens into the peritoneal 
cavity at the fimbriated end of the tube. C, 
Contrast material is seen in the pelvic peritoneal 
space around the left and right tubes (arrows); 
this spill of contrast medium indicates that the 
fallopian tubes are patent. 
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complicates hysterosalpingography in 0.3% to 3% of 
patients, may be the harbinger of infection and requires 
prompt evaluation. Patients with tubal obstruction and 
hydrosalpinx or those with a history of pelvic inflam- 
matory disease appear to be at higher risk for the devel- 
opment of infection after hysterosalpingography; such 
an infection is most often the result of retrograde intro- 
duction of cervical flora. 


== ULTRASONOGRAPHY 
Kidneys and Upper Urinary Tract 


Renal and upper urinary tract sonography is a com- 

monly performed examination because it is accurate 

and safe and because it does not require exposure to 

ionizing radiation or radiographic contrast material, 

nor is normal renal function necessary for image pro- 

duction. With modern instrumentation, bedside imaging 

and imaging-directed procedures can be performed on 

even the most seriously ill patients. Several of the more 

common indications for urinary tract sonography 

include: 

1. Evaluation of collecting system obstruction 

2. Evaluation of suspected or known nephrolithiasis 

3. Evaluation of renal cystic disease 

4. Detection of a renal, adrenal, or perinephric mass 
lesion 

. Characterization of a renal mass lesion as solid, or 
cystic 

6. Guidance for aspiration or biopsy of a renal or 

adrenal mass. 


vı 


Normal Anatomy 


Renal parenchyma is anatomically and functionally 
divided into the peripheral cortex and central medulla. 
Normal invaginations of cortical tissue, called columns 
of Bertin, separate adjacent medullary pyramids. On 
sonograms, normal renal cortex is hypoechoic com- 
pared with liver parenchyma. The renal pyramids, 
which represent that portion of the renal medulla 
cupped by the calyces, are hypoechoic compared with 
adjacent renal cortex (Fig. 1-15)] This sonographic cor- 
ticomedullary differentiation or definition is accentu- 
ated in children aged up to 6 months, in whom the 
pyramids may appear echo-free. The relative size ratio 
of cortex to medulla is 1.6:1 in children, but 2.6:1 in 
adults. The arcuate arteries mark the true corticome- 
dullary junction and can be seen as punctate, echogenic 
foci in approximately 25% of patients. 

The renal sinus contains the calyces, infundibula, a 
portion of the renal pelvis, fibrous tissue, fat, vessels, 
and lymphatics. On sonograms, the renal sinus typi- 
cally appears as a central hyperechoic area, largely 
because of its fat content (see]Fig. 1-15)] It contrasts 
with the hypoechoic renal pyramids that border the 
sinus. It is important to note the gradation of tissue 
echogenicity on an ultrasound examination. The normal 
order of tissue echogenicity from greatest to least in the 
adult is: renal sinus, pancreas, liver and spleen, renal 
cortex, and renal medulla. 

The determination of renal size with ultrasonogra- 
phy is more accurate than with standard radiography 
because the kidney is imaged without magnification or 
contrast-induced osmotic diuresis. The normal supero- 


PRF 1515 


'20.7cmis 
8.Zcmis 


Adal My 


iui "i 


DY a Due TL) Lom CT TL TO TT 


Sonography of the normal kidney. Sagittal |(A)] and 
transverse (B) images of the right kidney demonstrate normal corti- 
comedullary differentiation. The real sinus (S), liver parenchyma (L), 
renal cortex (C), and renal medulla (arrow) are seen, in decreasing 
order of echogenicity. C, The renal resistive index (RI) is determined 
from Doppler waveform analysis of the arcuate artery. The normal 
value for the RI (peak systolic frequency shift-end diastolic frequency 
shift + peak systolic frequency shift) is less than 0.70, and in this 
patient the RI is 0.60. 


medial inclination or tilt of the kidney may create some 
factitious shortening on sonograms. As a result, renal 
size is approximately 15% smaller than that measured 
on a radiograph. Renal length decreases with age, 
although the volume of the renal sinus increases some- 
what in the elderly. For a 30- to 50-year-old individual, 
the upper tenth percentile of renal length is 10 em for 
the right kidney and 10.3 cm for the left kidney. For 
people aged 60 to 69 years, the upper tenth percentile 
of right renal length is 9.6 cm, and for those aged 70 to 
79 years this value is 9.2 cm; for the left kidney, 0.3 em 
is added to the tenth percentile value of the right 
kidney. The range of normal renal size at sonography 
is 9 cm to 13 cm. 
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Transabdominal and Endovaginal Sonography of 
the Female Pelvis 


Transabdominal and endocavitary ultrasonography can 
be used to produce high-resolution images of the lower 
urinary tract and pelvis. Particularly in female patients 
of childbearing age, it is the test of first choice for the 
evaluation of acute or chronic pelvic pain. Pelvic sonog- 
raphy can also be used to evaluate most pelvic masses, 
although large masses (i.e., those > 8 to 10 cm) are 
more effectively characterized with CT or MRI. Ultra- 
sonography is also the test of choice in evaluating the 
patient with a suspected intrauterine or extrauterine 
gestation. 

Transabdominal (transvesical) sonography is per- 
formed using the full urinary bladder as an acoustic 
window to deeper pelvic structures. In most patients, 
transabdominal sonography is performed with a 3.5- 
MHz transducer, in some patients a 5.0-MHz or even a 
7.5-MHz transducer may be used to optimize imaging 
of the near field. In the majority of situations, endovagi- 
nal sonography supplements the transabdominal study 
(Appendix F). It is used to clarify ambiguities discov- 
ered on the transabdominal examination of the pelvis 
and is unnecessary if the transabdominal examination 
is technically satisfactory. Because its field of view is 
limited, endovaginal sonography is unsatisfactory for 
the evaluation of a large pelvic mass and can be mis- 
leading if performed without the orientation provided 
by a transabdominal study. 


Normal Anatomy 


The uterine wall consists of an external serosa (perime- 
trium), a middle muscularis (myometrium), and an 
internal mucosa (endometrium). The perimetrium 
is not normally visible on ultrasound examination, 
although subserosal veins may be seen as a normal 
variant. By sonography, the myometrium has two, and 
sometimes three, distinct layers. The inner myome- 
trium (subendometrial halo) appears as a thin 
hypoechoic area surrounding the echogenic endome- 
trium|(Fig. 1-16)| The outer myometrium is relatively 
hyperechoic compared with the inner myometrium and 
may have a bilaminar appearance. 

The endometrium appears as a central echogenic 
zone that varies during the menstrual cycle. In the early 
proliferative phase, the endometrium appears as a 
single, echogenic line (see|Fig. 1-16) In the midfollicu- 
lar phase, three longitudinal Tines can be seen in the 
center of the uterus; these characterize the proliferative 
endometrium. The outer lines represent the echo- 
interface between the myometrium and endometrium, 
and the central line is the uterine canal. The hypoechoic 
region between these linear borders represents the 
functional endometrial layer, which thickens as endo- 
metrial development progresses in the late proliferative 
phase (selfie 1-16) Within 48 hours of ovulation, this 
hypoechoic layer gradually becomes more hyperechoic, 
and the triple-line sign disappears, signaling the onset 
of the secretory endometrium. The distance between 
the outer lines of the endometrial echo complex can be 
measured (outer-to-outer border), and cycle-specific 
normal limits have been established for each phase: 


è iy 

FIGURE 1-16 Endovaginal sonograms of the normal uterus [A,]Sag- 
ittal sonogram shows the central endometrial echo (between elec- 
tronic markers), which measures 3mm. The hypoechoic inner 
myometrium (arrow) is seen and can be differentiated from the 
middle and outer myometrium (asterisk). B, On hormone replace- 
ment therapy, the endometrial echo may be thicker, as demonstrated 
in this patient. Measurement of the endometrial thickness should be 
performed in the sagittal plane and should include the endometrial 
layers anterior and posterior to the endometrial canal (outer-to-outer 
measurement). The hypoechoic inner layer of the myometrium 
should not be included in this measurement. C, Endovaginal sono- 
gram of another patient shows the triple line sign (between arrows); 
the hypoechoic functional zone (asterisk) is between the inner echo- 
genic stripe and the hyperechoic basal endometrial layer. This 
appearance can be seen during the late proliferative phase of the 
menstrual cycle. 


menstrual, 2 to 3 mm; early proliferative, 5 + 1 mm; 
periovulatory, 10 + 1 mm; and late secretory, up to 
16 mm. 

On a sagittal image through its long axis, the maximal 
length of the uterus is measured from the top of the 
uterine fundus to the external cervical os. The uterine 
height is measured perpendicular to the length mea- 
surement on the same sagittal image The 
width of the uterus is measured in a transverse plane 
orthogonal to the sagittal plane in which the height was 
measured. For the nulliparous woman, the normal 
upper limits of uterine dimensions are: length, 9 cm; 


height, 4 cm; and width, 5 cm. Parity will increase the 
normal dimensions of the uterus. 
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FIGURE 1-17 Transabdominal sonograms of the normal uterus and 
ovary [A]The length and height (anteroposterior) of the uterus should 
be measured on a sagittal sonogram in which the maximal length of 
the central endometrial echo complex is seen. The width of the uterus 
is measured on the orthogonal transverse sonogram. The vagina 
(arrow) curves inferiorly. B, In a similar manner, the dimensions of 
the ovaries are measured. The length of the ovary is the maximal 
dimension in a parasagittal plane, and the height is measured per- 
pendicular to the length on the same image. C, The width of the ovary 
is measured perpendicular to the height in the orthogonal transverse 
plane. The volume of the ovary can be estimated using the formula 
for a prolate ellipse; volume equals the product of length, height, 
width, and 0.52. 


The adnexa consist of the ovaries, uterine tubes, 
ligaments, and vessels. In nulliparous women, the 
ovaries are situated in the ovarian fossa. The ovarian 
(Waldeyer) fossa is bounded by the internal iliac artery 
posteriorly, the external iliac vein superiorly, and the 
obliterated umbilical artery anteriorly. However, in 
parous patients or in those with a pelvic mass, the 
ovary is often displaced from the ovarian fossa. The 
ovaries are hypoechoic ellipsoid structures and have a 
thin hyperechoic rim. Cohen and associates, using the 
formula for a prolate ellipse (Volume (ml) = length x 
height x width x 0.52) report a mean ovarian volume 
of 9.8 cm? (95% confidence value, 21.9 cm’) in adult 
menstruating women The mean for 
postmenopausal women was 5.8 cm” (95% confidence 
value, 14.1 em®*). The ovaries are distinctive because of 
the presence of developing follicles in the cortex. 


FIGURE 1-18 Endovaginal sonogram of a normal ovary in a 19-year- 
old woman. The cortex of the ovary contains several follicles and 
corpora lutea. The medulla contains loose connective tissue and 
numerous blood vessels. 


Graafian follicles become visible as fluid accumulates 
in the antrum of the follicle. With endovaginal sonog- 
raphy, follicles can be seen when they reach 1 to 2 mm 
in diameter. Nondominant follicles are usually less than 
14 mm in diameter, and dominant follicles reach a 
maximum diameter of approximately 20 to 25 mm 


[Figs 1-1 anc 1-19) 


The interstitial part of the fallopian tube is occasion- 
ally seen on an endovaginal sonogram as a thin echo- 
genic line extending to the wall of the uterus from the 
endometrium. However, unless dilated or surrounded 
by pelvic ascites, the isthmus and ampulla of the fal- 
lopian tube are not seen routinely. Similarly, the sus- 
pensory ligament of the ovary and the broad ligament 
are usually not visualized with sonography unless there 
is free intraperitoneal fluid. 


Bladder 


Some of the more common indications for ultrasonog- 

raphy of the bladder include: 

1. Determination of the existence and rate of urine flow 
through the vesicoureteral junction in patients with 
dilated ureters 

2. Determination of prevoid and postvoid bladder 
volume 

3. Detection of bladder stone or bladder wall mass 

4. Detection and quantification of bladder 
thickening 

5. Direction for bladder aspiration or cystostomy. 


wall 


Normal Anatomy 


The normal distended bladder is an anechoic structure 
that occupies the midline of the true pelvis. It is trian- 
gular in the sagittal plane and oval in the transaxial 
plane. Normally, the wall of the bladder is uniform and 
3 to 4 mm in thickness. The capacity of the bladder can 
also be estimated with the formula of the prolate ellipse. 


Transrectal Sonography of the Prostate 


Transrectal sonography of the prostate is used as an 
adjunct to the digital rectal examination to quantify 
prostate volume, assess a palpable nodule, guide pros- 
tate biopsy, and evaluate the infertile patient (Appendix 
G). Less commonly, it is used to investigate perirectal 
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Color Doppler sonogram of a ureteral jet. A, A trans- 
verse sonogram of the bladder demonstrates a stream of color from 
the right ureterovesical junction (arrow) as a result of the normal 
flow of urine. B, An echogenic calculus is lodged in the left uretero- 
vesical junction (open arrow), and no jet is seen. 


masses or collections, particularly when biopsy is 
contemplated. 


Normal Anatomy 


The normal prostate gland is a triangular ellipse that is 
surrounded by a thin capsule. The glandular tissue or 
parenchyma of the prostate is composed of the periph- 
eral zone, central zone, and transitional zone (Fig 
1-20)| The parenchyma is bounded anteriorly by fibro- 
muscular stroma. The prostatic “capsule” is seen as a 
bright echogenic structure posteriorly and laterally, but 
it is thin or absent at the apex of the gland. The normal 
prostate measures approximately 4 cm in length (ceph- 
alocaudal), 4 cm in transverse diameter, and 3 cm in 
height (anteroposterior); the normal volume ranges 
from 20 to 25 mL, and the normal weight is approxi- 
mately 20 g. 

Seminal vesicles are cephalad to the prostate gland 
and posterior to the bladder. The paired structures are 
imaged in long axis on transverse images and cross- 
sectional on sagittal images. The seminal vesicles are 
well-defined, saccular structures that are most often 
symmetric in size and shape. The normal seminal 
vesicle measures 3 + 0.5 cm in length and 1.5 + 0.4 cm 
in width. Seminal vesicles are usually hypoechoic and 
contain scattered fine internal echoes. The vasa defer- 
entia are located medially to the seminal vesicles and 


TW Ad 


Transrectal sonograms of the normal prostate, seminal 
vesicles, and vas deferens. A, The size of the prostate gland is normal. 
The echogenicity of the peripheral zone (pz) is slightly greater than 
that of the transitional zone (tz). B, A transverse image cephalic to 
the prostate demonstrates normal hypoechoic seminal vesicle 
(curved arrow) and ampullary part of the deferent duct (open 
arrow). The vas deferens and duct of the seminal vesicle join to form 
the ejaculatory duct. (asterisk, bladder lumen.) 


just cephalad to the prostate gland (Fig. 1-20B)} The 
dilated terminus of the vas deferens is called the 
ampulla. On the transaxial plane, the paired vasa def- 
erentia appear as a pair of oval, convoluted tubular 
structures and are isoechoic to the seminal vesicles. 
The confluence of the seminal vesicle and ampullary 
portion of the vas deferens form the ejaculatory duct. 
The neurovascular bundle consists of paired cords of 
nerves and vessels that extend along the posterolateral 
margins of the prostate. The neurovascular bundles, 
which are frequently identified on sonograms, are 
important routes for extraprostatic spread of cancer. 
The periprostatic venous plexus is seen anteriorly and 
can be prominent. Vessels can be identified entering the 
gland laterally—most often near the apex, where they 
can simulate a hypoechoic tumor. 


Scrotum 


Ultrasonography of the scrotum is used to evaluate a 
palpable mass or scrotal enlargement because it can 
accurately distinguish an intratesticular lesion from 
one that originates from extratesticular tissues (Appen- 
dix H). This distinction is important because the major- 
ity of lesions that originate in an extratesticular location 
are benign (e.g., hydrocele, varicocele, epididymitis), 
unlike testicular neoplasm, the most common intrates- 
ticular mass. The integrity of the traumatized testis can 
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also be evaluated quickly with sonography. Duplex 
sonography of the acute scrotum can be used to distin- 
guish testicular torsion from epididymoorchitis. Finally, 
ultrasonography has been used to identify the unde- 
scended inguinal testicle but is less accurate than 
CT, MRI, and testicular phlebography for locating the 
abdominal testis. Other indications for scrotal sonogra- 
phy include the evaluation of male infertility, the follow- 
up evaluation of sexual precocity, and the evaluation of 
occult primary tumors in patients with metastatic 
disease. 


Normal Anatomy 

The normal testis is an ovoid structure, measuring 
3.5 cm in length and 2.5 to 3 cm in width and height 
(anteroposterior diameter). The echogenicity of the two 
testes should be similar and should consist of uniform, 
medium-level echoes. The mediastinum represents an 
invagination of the tunica albuginea along the posterior 
aspect of the testis and appears as an echogenic line 
parallel to the epididymis{(rig, 1-21] Septations within 


the testis may be visualized as linear echogenic or 


FIGURE 1-21 Sonograms of the normal testicle and epididymis. 
[A] This sagittal sonogram demonstrates normal echogenicity of the 
testicular parenchyma and the linear, hyperechoic mediastinum 
(open arrow). Also note the normal thickness and echogenicity of 
the scrotal wall (between small arrows). B, The globus major or 
head of the epididymis (arrow) is isoechoic to the parenchyma, and is 
seen cephalad to the upper pole of the testis (T). 


hypoechoic structures and may divide the testicle into 
lobules. 

Of the normal extratesticular structures, the epididy- 
mis is most commonly identified with sonography. The 
epididymal head (globus major) is the largest compo- 
nent. It measures 5 to 15 mm in diameter and is found 
lateral and superior to the upper pole of the testicle. 
The head of the epididymis is usually slightly more 
echogenic than the body and tail and isoechoic to tes- 
ticular parenchyma The body and tail 
(globus minor) extend inferiorly along the posterior 
margin of the testicle and appear as a thin cord approxi- 
mately 1 to 3 mm in thickness on sonograms. Color 
Doppler sonography shows no detectable flow in the 
normal epididymis. On occasion, small protuberances 
from the head of the epididymis and superior aspect of 
the testicle can be identified; these protuberances rep- 
resent the appendices of epididymis and testicle, 
respectively. 

The scrotum is composed of several layers that are 
derived from the skin, abdominal wall muscles, and 
peritoneum. Sonographically, the scrotal wall is 5 to 
7-mm thick and is hyperechoic compared with the tes- 
ticle The tunica vaginalis is derived from 
peritoneum and applies the testicle to the posterior 
scrotal wall. Bursa-like, the tunica vaginalis envelops 
the testicle and normally contains 1 to 2 mL of fluid. 
The spermatic cord contains the testicular and defer- 
ential arteries and the pampiniform plexus of veins. 
Normal vessels are no more than 1 to 2 mm in diameter, 
and the presence and direction of flow can be ascer- 
tained by using color Doppler sonography. 


Doppler Ultrasonography 

Principles 

In medical ultrasonography, images are produced by 
tissue reflection of a beam of sound at a frequency of 2 
to 15 MHz. For a moving point reflector, such as an 
erythrocyte, the frequency of sound received by the 
transducer will differ from that of the transmitted fre- 
quency. This frequency difference, or shift, can be used 
to determine the direction and velocity of reflector 
movement. Johann C. Doppler is credited with the elu- 
cidation of this principle and the relationship between 
frequency shift and flow velocity. 

Information about the Doppler shift frequency is dis- 
played graphically as a series of spectra in real time. 
These spectra are vertical line graphs showing the rela- 
tive strength of frequency shifts with respect to time, 
which is represented on the horizontal axis. Thus four 
variables are displayed on the Doppler spectra: fre- 
quency shift (velocity), distribution of frequency shifts 
by a population of point reflectors, direction of flow, 
and time. A number of different indices have been used 
to quantitate impedance, the total resistance to flow. 
The pulsatility index is equal to (S — D)/M, where S is 
the peak systolic frequency, D is the peak diastolic 
frequency, and M is the mean frequency shift. Other 
such indices include the resistive index, (S — DYS, and 
the systolic/diastolic ratio, S/D. In duplex Doppler 
sonography, the pulsed Doppler system is interfaced 
with a real-time image so that the source of the shifted 
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frequency can be user-selected from a gray-scale image. 
Color Doppler uses colors to encode directional and 
velocity information about flow. 


Indications 

Doppler sonography has been used to evaluate normal 
flow of urine into the urinary bladder (see [Fig. 1-19), 
testicular parenchymal perfusion to exclude spermatic 
cord torsion, renal parenchymal perfusion to identify 
glomerulotubular disease sce[Fig 1-15) and caverno- 
sal artery flow to investigate vasculogenic causes of 
impotence. 


== COMPUTED TOMOGRAPHY 


CT creates a two-dimensional image of the body from 
measurements of relative linear attenuation collected 
from multiple projections around a thin tomographic 
slice. This technique can demonstrate density differ- 
ences between tissues of 1% or less. The reconstructed 
image is displayed as a matrix of pixels. The numerical 
value of each pixel is the relative linear attenuation 
coefficient of the volume of tissue represented by that 
pixel. The attenuation value assigned to each pixel is 
based on a reference scale in which — 1000 Hounsfield 
units (HU) are assigned to air, + 1000 HU to dense bone, 
and 0 HU to water. The relative linear attenuation coef- 
ficient assigned to each pixel is correlated with a shade 
of gray in the image. User selection of the number of 
shades of gray (window width) in the image and the 
central hue of gray (window level) permits modification 
of image contrast. 

Spiral, helical, multidetector, or volume-acquisition 
CT is a technique that permits continuous acquisition 
of data by constant rotation of a slip-ring x-ray tube- 
detector system while the patient moves through the 
gantry. Most helical and multidetector CT scanners 
rotate at a rate of approximately 360 degrees/second, 
but the rate of patient movement through the gantry 
and the collimation of the beam are selected by the 
radiologist. Pitch is defined as the ratio of the rate of 
table movement (per 360 degrees of tube rotation) to 
beam collimation; if the scan time is 1 second, pitch is 
equal to the rate of table movement in millimeter/ 
second divided by the beam width in millimeters. The 
tradeoff in selecting the appropriate pitch is between 
spatial resolution (optimized with a smaller pitch) and 
coverage (optimized with a larger pitch). Recent work 
suggests that the optimal pitch for single-row helical CT 
of the abdomen is 1.5 to 1.6. 

There are several advantages of helical and multide- 
tector CT over conventional CT. First, very thin colli- 
mation can be used over large areas of the body to 
evaluate small lesions. Also, helical CT data can be 
manipulated through postprocessing, which permits 
targeted image reconstruction to an area of interest. For 
instance, overlapping images could be reconstructed in 
narrow intervals to increase the sensitivity for smaller 
lesions. Second, because of shortened scan times, less 
contrast material is needed for some studies, and scan- 
ning can be optimized to specific phases of contrast 
enhancement. Finally, CT angiography is possible 
because three-dimensional data acquisition is com- 


bined with an imaging method that optimizes the detec- 
tion of contrast enhancement in vessels. 

Renal CT is used to characterize masses and can 
evaluate the perinephric spread of primary renal disease 
or the secondary involvement of the kidneys by primary 
intraperitoneal or retroperitoneal disease. CT is also 
the imaging procedure of choice in patients with sus- 
pected or known renal trauma because it accurately 
characterizes injuries to the parenchyma and vascular 
pedicle. The more common genitourinary indications 
for abdominal and pelvic CT include (Appendices I, J): 

1. Detection of urolithiasis 

2. Evaluation of patients with hematuria 

3. Detection and characterization of an adrenal, renal, 
or pelvic soft-tissue mass 

4. Staging of kidney, adrenal, ureter, and bladder 
malignancy 

5. Staging of gynecologic malignancy (ovary and 
uterus) 

6. Staging of male genital malignancy (testis and 
prostate) 

7. Evaluation of known or suspected retroperitoneal 
disease 

8. Evaluation of chronic pelvic pain 

9. Evaluation of cryptorchidism 

10. Directed aspiration, biopsy, or drainage. 


Normal Anatomy 
The renal parenchyma is homogeneous on nonen- 
hanced CT, and measured attenuation ranges from 30 
to 60 HU. Renal sinus and perinephric fat provide 
intrinsic contrast for the renal parenchyma on noncon- 
trast and contrast-enhanced CT After 
administration of contrast material, there is gradual 
enhancement of the large vessels, renal parenchyma, 
and collecting system. During the vascular phase, there 
is opacification of the aorta and major arteries. Sequen- 
tial enhancement of the renal cortex and medulla follow 
during the nephrogram phase. Normal corticomedul- 
lary differentiation is demonstrated during the early 
nephrogram phase (approximately 20 to 85 seconds 
after the administration of contrast material); one can 
miss small medullary tumors on CT during this phase 
The exact timing of the early nephrogram 
phase depends on the dose and method of intravenous 
contrast administration and on the cardiac output and 
renal function of the patient. Scans obtained approxi- 
mately 85 to 240 seconds after intravenous contrast 
administration demonstrate more homogeneous atten- 
uation of the parenchyma during the nephrogram 
(equilibrium) phase After contrast-material 
injection, the attenuation value of the normal renal 
parenchyma will increase to 80 to 120 HU. During and 
after the nephrogram phase, there is progressive opaci- 
fication of the renal collecting system. 

The adrenal glands are variable in shape, although 
the posterior limbs are usually uniform in width. The 
normal width of the adrenal limbs, measured per- 


endicular to the long axis, is less than 8 mm (see 
Fig. 1-23A) 


In the abdomen, the nondilated ureter may be dif- 
ficult to distinguish from gonadal vessels or other 
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FIGURE 1-22 Unenhanced (noncontrast) computed tomography 
(CT) of the kidneys and bladder. [A] Unenhanced CT of the normal 
left kidney shows the image contrast provided by the perinephric and 
renal sinus fat. There is increased attenuation of the right renal sinus 
fat (arrow) and, as a result, relatively reduced image contrast. B, This 
finding results from acute ureteral obstruction caused by a calculus 
(curved arrow) in the distal right ureter (S, seminal vesicle). The 
wall of the urinary bladder (between small arrows) is seen because 
of the image contrast created by unopacified urine and perivesical 
fat. 


retroperitoneal vessels and can be identified on the 
medial part of the psoas muscle In the 
pelvis, the ureter descends posterolaterally, and oppo- 
site the ischial spine it turns anteromedially in front of 
the seminal vesicles or vaginal fornices to reach the 
base of the bladder The bladder is identi- 
fied in the midline of the true pelvis; on noncontrast 
CT, its wall is uniformly thin and is outlined by urine 
and perivesical fat. The presence of dense contrast 
material in the bladder may create artifacts and obscure 
the bladder wall. 

Lymph nodes are routinely identified on CT; normal 
lymph nodes have the attenuation of soft tissue, are 
homogeneous, oval, and measure 4 to 10 mm in short- 
axis diameter. Abdominal and most pelvic lymph nodes 
are abnormal if they are larger than 10 mm in short 
axis diameter; retrocrural nodes are enlarged if more 
than 6 mm in diameter. The pelvic nodes are grouped 
around the common iliac, external iliac, and internal 
iliac vessels; the inguinal nodes lie medial and anterior 
to the femoral vessels The surgical obtura- 
tor nodes are particularly important because cancer of 
the prostate and bladder frequently spreads to these 
nodes first (sentinel nodes). These nodes actually form 
the medial chain of the external iliac lymph nodes and 


FIGURE 1-25 Infused (intravenous contrast-enhanced) computed 
tomography (CT) of the adrenal glands, kidneys, ureters, and bladder. 
During the early nephrogram phase, corticomedullary differentia- 
tion of the kidneys is seen. At this level, the right adrenal gland (open 
arrow) is posterior to the inferior vena cava (i), and the left adrenal 
gland (small curved arrow) is posterior to the splenic vein (s). B, In 
the late nephrogram phase,there is homogeneous attenuation of the 
renal cortex and medulla. At the level of the midabdomen, the 
ureters (arrows) are seen lying on the medial part of the psoas 
muscles. D, In the male pelvis, the ureter turns anteromedially at the 
level of the ischial spine and enters the bladder anterior to the 
seminal vesicle (s). The left deferent duct (small white arrow) is also 
seen at this level. Note the ureteral jet of contrast material (small 
black arrow) in the bladder. E, At a more caudal level, the prostate 
sland (p) indents the base of the bladder (b). 
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FIGURE 1-24 Pelvic lymph nodes on computed tomography (CT) 
after bipedal lymphangiography. [A] Normal small common iliac 
lymph nodes are opacified with contrast material. The right ureter 
(arrow) is seen at the medial aspect of the psoas muscle. B, At the 
level of the upper sacroiliac joint, normal external iliac nodes are 
opacified, but internal iliac nodes (open arrow) are not opacified. 
The upper limit of normal for maximum short-axis diameter of the 
iliac nodes is 10 mm. C, The medial group of external iliac lymph 
nodes includes the surgical obturator node (arrowhead), which is an 
important sentinel node for bladder and prostate cancers. Also note 
that the normal wall of the bladder is uniformly thin. 


can be identified adjacent to the lateral pelvic wall at 
the level of the acetabulum |(Fig. 1-24C) 

The seminal vesicles are oblong, tubular structures 
that lie at the superior aspect of the prostate, posterior 
to the lower urinary bladder, and anterior to the rectum. 
A plane of fat separates the seminal vesicles from the 
bladder [Fis 1-22Hfand '1-23D), The prostate gland is 
identified posterior and inferior to the bladder neck, 
anterior to the rectum, and posterior to the pubic sym- 
physis. When healthy, it is homogeneous in attenuation 
but may contain punctate calcifications 
The spermatic cord is formed at the internal inguina 
ring by the confluence of the vas deferens with vessels 
and nerves. The spermatic cord is seen medial to the 
ipsilateral femoral vein and anterolateral to the sym- 
physis pubis. The vas deferens leaves the cord at the 


inguinal ring and continues posteriorly and mediall 
toward the ipsilateral seminal vesicle (see]Fig. 1-23D) 


FIGURE 1-25 Contrast-enhanced computed tomography (CT) of 
the uterus and ovary. A, The endometrium (small black arrow) is 
relatively hypodense because of enhancement of the myometrium. 
The left ovary (white arrow) is slightly hypodense compared with 
skeletal muscle. Often, it is not possible to separate the wall of the 
bladder (b) from hyperdense urine. B, At a more caudal level, the 
hypodense endometrium (small black arrow) is demonstrated. Note 
the proximity of the right ureter (white arrow) to the uterine para- 
metrium in this patient. 


The uterus is located between the urinary bladder 
and the rectosigmoid colon in the true pelvis. The 
fundus and corpus of the uterus have a triangular shape, 
and the cervix has a rounded contour. The attenuation 
of the uterus is usually homogeneous on noncontrast 
CT, although the normal endometrial cavity may appear 
slightly hypodense if it contains secretions. The endo- 
metrium appears relatively hypodense after administra- 
tion of intravenous contrast medium because of intense 
enhancement of the myometrium (Fig. 1-25) The 
ovaries may be slightly hypodense, particularly if folli- 
cles are prominent. The ovaries can be identified by 
following the ovarian ligament from the cornua of the 
uterus to the ovary or by following the course of the 
gonadal vein inferiorly from its origin from the inferior 
vena cava on the right or the renal vein on the left. The 
broad ligaments are peritoneal folds that connect the 
lateral margin of the uterus to the pelvic side walls. 


== MAGNETIC RESONANCE IMAGING 


For many radiologic problems in genitourinary radiol- 
ogy, MRI is used as a supplementary examination to 
further investigate or characterize disease detected 
with other imaging modalities. For example, MRI is 
often utilized to evaluate renal masses or adnexal 
masses that remain indeterminate after sonographic 
or CT evaluation. MRI may also be utilized as a 
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supplement to the clinical staging of certain malignan- 
cies, including gynecologic malignancies such as cervi- 
cal and endometrial cancer, and prostate cancer. In 
women with uterine fibroids, MRI can play a role in 
determining which patients might benefit from uterine 
artery embolization versus surgical or hysteroscopic 
management. In women with clinical evidence of pelvic 
floor dysfunction, dynamic MRI of the pelvic floor can 
provide a global assessment of the various compart- 
ments of the pelvic floor and influence management 
decisions. MRI is, therefore, often performed as a care- 
fully targeted study (Appendix K). MRI is not usually 
intended to be a screening study or a substitute for 
biopsy because, with a few notable exceptions, specific 
tissue characterization is not possible. 


Biophysics of Proton Relaxation 


Magnetic resonance images are derived from the signal 
detected from nuclei in molecules that are hydrogen- 
rich (water and fat) after exposure to strong magnetic 
fields and radiofrequency (RF) pulses. Image contrast 
is based on inherent properties of tissues. Specifically, 
signal intensity depends on magnetic field strength, 
hydrogen content or proton spin density, and on relax- 
ation times, Tı, Tə, and T,*. Most soft tissues have 
similar proton density but vary greatly in relaxation 
times. Spin-lattice relaxation time (Tı) involves the 
transfer of energy from spins to their environment, 
the lattice. Spin-spin relaxation (T2) occurs because of 
the loss of phase coherence, also described as phase 
dispersal, among excited nuclei. Phase dispersal is has- 
tened by the dipole interactions that disrupt local mag- 
netic field homogeneity. 


Conventional Spin-Echo Pulse Sequence 


The conventional spin-echo (CSE) pulse sequence uses 
a 90-degree RF pulse to tilt the longitudinal magnetiza- 
tion into the transverse plane, and a 180-degree RF 
pulse refocuses the transverse magnetization for signal 
readout at the echo time (Tr). The repetition time (TR) 
is the time between iterations of the 90- to 180-degree 
readout sequence. Because of their relatively long image 
acquisition times, CSE pulse sequences are more sus- 
ceptible to motion artifact and are not frequently 
utilized. 


Gradient-Echo Pulse Sequence 


Gradient-echo pulse sequences produce images with 
Tı- or T>*-weighting in a relatively short acquisition 
time, especially when compared with the spin-echo 
sequence. Although the spin-echo sequence produces a 
refocused echo with 90- and 180-degree RF pulses, gra- 
dient echoes are formed by a single RF pulse in con- 
junction with gradient reversals. Gradient-recalled-echo 
imaging refocuses spins with magnetic gradients rather 
than with RF pulses. In addition, the RF pulse is used 
to tip the longitudinal magnetization through a flip 
angle that is usually less than 90 degrees. Refocusing 
by gradient reversal corrects only for those phase shifts 
induced by the gradient itself. Phase shifts caused by 


static tissue susceptibility, magnetic field inhomogene- 
ity, and chemical shifts are not reversed and contribute 
to the loss of transverse magnetization, along with the 
inherent T, of the tissue. As opposed to T», the trans- 
verse decay of the gradient-echo signal is termed T2*, 
the effective spin-spin relaxation time. Gradient-echo 
sequences require repetition times (Tp) of 20 to 500 ms, 
and because acquisition time is related directly to Tp, 
gradient-echo imaging is an effective method of reduc- 
ing scan time. However, as a result of greater signal loss 
from magnetic field inhomogeneity on gradient-echo 
sequences, magnetic susceptibility artifacts are more 
pronounced than on spin-echo sequences. 

Improved gradient performance of newer supercon- 
ducting MR units led to the development of more useful 
rapid scanning techniques for renal imaging. Three- 
dimensional gradient-echo acquisitions allow very rapid 
scanning, which can be completed during a single 
breath hold. These sequences also allow for acquisition 
of data from very thin slices with improved anatomic 
detail, improved signal-to-noise ratio (SNR), and volu- 
metric data that can be viewed in any desired plane. 
These three-dimensional gradient-echo sequences are 
very useful for detecting and characterizing small renal 
masses, and are routinely used for multiphase dynamic 
imaging of the kidneys following gadolinium injection. 


Fast (Turbo) Spin-Echo Pulse Sequence 


One of the salient disadvantages of T-weighted CSE 
imaging is a relatively long acquisition time, which can 
lead to degradation of image quality as a result of patient 
motion. Fast spin-echo (FSE), or turbo spin-echo (TSE), 
pulse sequences were designed to provide the contrast 
characteristics of a spin-echo pulse sequence with a 
much faster acquisition time compared with the CSE 
pulse sequence. In FSE/TSE sequences, a 90-degree 
RF pulse is followed by a series of 180-degree refocusing 
pulses (known as the echo train) each acquired with a 
different phase-encoding value and Tp. Each echo 
exhibits different degrees of Tə decay, depending on 
where it occurs in the echo train. In FSE sequences, 
image contrast is determined through the reordering of 
phase-encoding views so that views with the lowest 
spatial frequency are obtained in the echoes nearest the 
desired Ty or the effective Ty. The decrease in acquisi- 
tion time achieved with FSE imaging can be exchanged 
for a longer Tr (increasing the SNR), a larger matrix 
(increasing spatial resolution), more signal averaging 
(increasing the SNR), and implementing fat-suppression 
techniques. 

Studies comparing FSE with CSE have shown that 
overall image quality and the conspicuity of pathology 
are equivalent. In FSE imaging, unlike CSE imaging, fat 
remains hyperintense on T2-weighted images. A typical 
full-echo train FSE protocol for T2-weighted imaging of 
the pelvis is Tg = 4000 to 6000 ms, effective Te = 80 to 
120 ms, echo train length = 8 or 16, echo spacing = 
20 ms, matrix = 256 x 256 or 256 x 192, two signals 
averaged, superior and inferior spatial saturation pulses, 
and fat saturation. Use of either a pelvic binder or 
intramuscular glucagon may reduce respiratory- and 
peristalsis-related motion artifacts, respectively. 
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Fat Saturation and Chemical-Shift Magnetic 
Resonance Imaging 


A method that is commonly used for negating the signal 
from fat is frequency-selective fat saturation, which 
can be applied at the beginning of almost any pulse 
sequence. This technique is based on the observation 
that hydrogen protons in fat precess at a frequency of 
approximately 214 Hz lower than water protons at 
1.5 T, and 428 Hz lower at 3T. The frequency selective 
fat-suppression technique begins with a low-amplitude, 
long-duration RF pulse centered on the resonance fre- 
quency of lipid protons, which converts the longitudinal 
(z) magnetization of fat into transverse (ay) magnetiza- 
tion. Application of a spoiling gradient dephases this 
lipid-specific transverse magnetization. Subsequently, 
the desired pulse sequence is performed with signal 
reception centered on the resonance frequency of 
protons in water. When the 90-degree excitation pulse 
of the spin-echo pulse sequence is applied, the time 
elapsed will not be sufficient to permit significant recov- 
ery of longitudinal relaxation for fat protons, and little 
or no transverse magnetization will exist for signal 
detection from protons in fat. In-phase and opposed- 
phase Tl1-weighted gradient-echo imaging is another 
chemical-shift MRI method that has been used to char- 
acterize adrenal masses (Fig. 1-26). This chemical-shift 
imaging method is discussed in Chapter 9. 


FIGURE 1-26 Magnetic resonance imaging of the normal adrenal 
gland. A, On a Tl-weighted image (repetition time = 529 ms; echo 
time = 15 ms), the left adrenal gland (arrow) is isointense compared 
with skeletal muscle and slightly hypointense relative to liver paren- 
chyma. B, The left adrenal (arrow) is isointense compared with liver 
on a fast spin-echo T2-weighted image (repetition time = 4000 ms; 
effective echo time = 120 ms). 


Normal Anatomy 


On T1-weighted images, the adrenal glands are of 
intermediate signal intensity (see Fig. 1-26) and can be 
identified because of periadrenal fat. On T2-weighted 
images, normal adrenal gland tissue decreases in 
signal intensity and becomes isointense with liver 
parenchyma. 

Renal corticomedullary differentiation can be identi- 
fied on T1- and T2-weighted images, but it is usually 
more conspicuous on T1-weighted images (Figs. 1-27A 
and B). The renal cortex is of relatively higher signal 
intensity than the medulla on T1-weighted images. 
After the intravenous administration of a gadolinium- 
based contrast agent, the vasculointerstitial phase 
begins immediately after the contrast medium reaches 
the kidneys. There is increased signal intensity of the 
cortex, followed by enhancement of the medulla (Figs. 
1-27C and D). The tubular phase begins approximately 
60 to 90 seconds after contrast administration; there is 
decreased signal intensity at the corticomedullary junc- 
tion, which progresses centripetally toward the medul- 
lary papillae. Stable low-signal intensity in the inner 
medulla occurs during the ductal phase, which occurs 
approximately 2 minutes after contrast administration. 
This last phase is accompanied by contrast excretion 
into the collecting system, which can be seen approxi- 
mately 4 minutes after injection (Fig. 1-27E). 

The wall of the urinary bladder is best seen on 
T2-weighted images, where the muscularis propria 
appears as a thin (2- to 3-mm) layer of low signal inten- 
sity (Figs. 1-28 and 1-29A). The bladder wall is sepa- 
rable from perivesical fat and urine, which are of 
relatively higher signal intensity. On T2-weighted 
images, it is also important to distinguish the bladder 
wall from the hypointense line produced at one edge of 
the bladder by chemical shift artifact. On T1-weighted 
images, the wall may not be clearly distinguishable from 
urine within the bladder, which has a relatively long T, 
relaxation time (Fig. 1-30). However, when compared 
with T2-weighted images, the signal intensity contrast 
between perivesical fat and bladder is greater on 
T1-weighted images. Following intravenous administra- 
tion of gadolinium-based contrast agents, the mucosa 
and submucosa of the bladder typically enhance earlier 
than the muscle layer of the bladder wall. 

Normal lymph nodes are best evaluated on T1- 
weighted images because detection is aided by contrast 
with surrounding fat (Fig. 1-31). Malignant or inflam- 
matory nodes are indistinguishable from normal nodes 
using signal intensity as a criterion. Thus as in CT, size 
remains the important differentiating feature. Positron 
emission tomography-CT or biopsy may be useful to 
establish a definitive diagnosis in select cases. 

Zonal anatomy of the prostate gland is best seen on 
T2-weighted images. The normal peripheral zone is 
homogeneously hyperintense, whereas the central 
gland tissue is typically hypointense or isointense com- 
pared with skeletal muscle (see Fig. 1-29). The periure- 
thral transition zone and central zone of the prostate 
cannot be resolved at imaging and are therefore col- 
lectively referred to as the central gland. Hyperplastic 
nodules are often present in the central gland and have 
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FIGURE 1-27 Magnetic resonance imaging of the kidneys [A] On a 
T1-weighted image (two-dimensional fast low-angle shot; repetition 
time = 140 ms; echo time = 4.8 ms; flip angle = 75 degrees), the renal 
cortex (arrow) has a higher signal intensity than the medulla (open 
arrow). B, This corticomedullary differentiation is usually not as 
apparent on a T2-weighted image (turbo spin-echo; repetition time = 
5028 ms; effective echo time = 138 ms). After the administration of 
a gadolinium-based contrast agent, a normal temporal pattern of 
enhancement of the renal parenchymal_and collecting system has 
been described on T1-weighted images [C, DJ During the vasculoint- 
erstitial phase, there is increased signal intensity of the cortex (arrow 
in C), followed by enhancement of the medulla (open arrow in D). 
E, Stable low signal intensity in the inner medulla (open arrow) 
occurs during the ductal phase, which is accompanied by contrast 
excretion in the collecting system (asterisk). 


a highly variable appearance depending on their tissue 
composition. In the base of the prostate gland, the 
anterior fibromuscular stroma is hypointense second- 
ary to a lack of glandular tissue. The capsule of the 
prostate, composed of fibromuscular tissue, may be 


FIGURE 1-28 Normal bladder and cervix on a transverse axial 
T1-weighted image after the intravenous administration of gadolinium- 
based contrast material. The pseudolayering of urine in the bladder 
results from different concentrations of the contrast agent. The top 
layer of fluid represents pure urine. The bottom pseudolayer repre- 
sents urine with a relatively high concentration of contrast, and the 
middle hyperintense pseudolayer has a lower concentration. The 
linear hyperintense (arrow) and hypointense (open arrow) walls of 
the bladder are caused by chemical shift artifact. The normal stroma 
of the cervix (curved arrow) is hypointense and surrounds the endo- 
cervical canal. (asterisk, leiomyoma.) 


distinguished as a thin hypointense border and is often 
better delineated with endorectal coil imaging (Fig. 
1-29B). On T1-weighted images, the zonal anatomy is 
less apparent, although glandular hyperplasia may 
create a heterogeneous signal intensity pattern in the 
central gland. Tl-weighted images are particularly 
useful in identifying areas of hemorrhage in the prostate 
gland, as can be seen after prostate biopsy. The neuro- 
vascular bundles are visualized in the rectoprostatic 
angle at the 5 o’clock and 7 o’clock positions. Image 
contrast between the prostate and periprostatic fat is 
greater on T1-weighted images than on T2-weighted 
images, and as a result Tl-weighted images may be 
useful in assessing the contour of the prostate and the 
neurovascular bundles for the presence of extracapsu- 
lar disease in patients with prostate cancer. (Figs. 1-29C 
and D). 

The seminal vesicles appear as multicystic tissue of 
high signal intensity on T2-weighted images and can be 
readily differentiated from periprostatic fat, which is of 
relatively lower signal intensity (Figs. 1-29A and 1-30E). 
This signal pattern is reversed on T1-weighted images, 
where the seminal vesicles are of intermediate signal 
intensity compared with the relatively higher intensity 
of surrounding fat (Fig. 1-30B). 

The corpus spongiosum and paired corpora caver- 
nosa of the penis demonstrate increased signal inten- 
sity on T2-weighted images and intermediate signal 
intensity on T1-weighted images. The corporal bodies 
are surrounded by the tunica albuginea, a low-signal- 
intensity stripe (Fig. 1-30D). The wall of the male 
urethra is hypointense relative to the surrounding 
corpus spongiosum. 

On T2-weighted images, the testis and epididymis 
are readily differentiated. The uniform high signal 


26 Genitourinary Radiology: The Requisites 


FIGURE 1-29 Fast spin-echo T2-weighted magnetic resonance 
images of the seminal vesicles, vasa deferentia, and prostate gland 
obtained with an endorectal coil. [A] On this transaxial image with fat 
suppression, the folded and tubular seminal vesicle (curved arrow) 
and the ampullary part of the vas deferens (arrows) are hyperintense 
compared with perivesical fat (B, bladder lumen). B, Zonal differen- 
tiation is demonstrated on this transaxial image through the middle 
of the prostate gland. The peripheral zone (pz) appears higher in 
signal intensity than the central gland (cg), which consists of the 
transitional and central zone glandular tissue. The prostatic capsule 
is a thin hypointense line (arrows). C, At the apex of the prostate 
gland, the parenchyma is almost entirely composed of peripheral 
zone tissue. 


intensity of the testis contrasts with the intermediate 
signal intensity of the epididymis (Fig. 1-32). The medi- 
astinum testis normally can be identified as a focal area 
of relatively decreased signal intensity in the supero- 
posterior testicle near the epididymal head. The tes- 
ticular artery and pampiniform plexus can also be 
identified in the scrotum, superolateral to the epididy- 
mis. On T1-weighted images, the testis and epididymis 
are isointense with muscle. 

Like the testes, the ovaries are most conspicuous 
on T2-weighted images because, compared with T1- 
weighted images, there is an increase in signal intensity 
secondary to antral fluid in developing graafian follicles 
(Fig. 1-33). On T1-weighted images, the intermediate 
signal intensity of the ovaries may not permit separa- 
tion from loops of small bowel unless intravenous 


contrast material is administered (Fig. 1-33B and C). 
The ovaries may appear as a single solid structure or as 
a conglomeration of multiple small follicles. Given 
mobility, the normal ovaries can be found at variable 
sites within the pelvis. 

The concentric, zonal anatomy of the uterus in 
women of reproductive age is identified on images with 
T2 weighting (Fig. 1-34). The signal intensity of the 
endometrium is high and typically isointense to slightly 
hypointense relative to urine in the bladder. Compared 
with the endometrium, a zone of much lower signal 
intensity is seen peripheral to the endometrium and 
represents the junctional zone or inner myometrium. 
The outer myometrium has higher signal intensity than 
the junctional zone but has lower signal intensity than 
the endometrium. The lower signal intensity of the 
junctional zone is multifactorial and thought to be 
related to differences in the morphology and cellular 
characteristics of myocytes in the inner and outer myo- 
metrium, as well as the concentric arrangement of 
smooth muscle fibers in the junctional zone compared 
with the longitudinal arrangement in the outer myome- 
trium. In premenarchal, pregnant, and postmenopausal 
women, the junctional zone may be indistinguishable 
from the outer myometrium. Variations in the thick- 
ness of the junctional zone occur during the menstrual 
cycle secondary to hormonal variations, with the junc- 
tional zone reaching its maximal thickness during the 
menstrual phase. In contrast, the outer myometrium is 
not dependent on hormonal stimulation and does not 
vary significantly in thickness during the menstrual 
cycle. 

The zonal anatomy of the uterus can be seen on 
contrast-enhanced T1-weighted images (Fig. 1-35). 
Compared with nonenhanced T1-weighted images, the 
outer myometrium and endometrium are more con- 
spicuous because of contrast enhancement. A small 
teardrop-shaped region of low-signal-intensity fluid 
may be seen in the endometrial canal. The junctional 
zone demonstrates less enhancement than either the 
outer myometrium or endometrium. 

Normal zonal anatomy of the uterine cervix is visual- 
ized on T2-weighted images (Fig. 1-34B). There is a 
central area of high signal intensity representing cervi- 
cal mucosa and mucus. The cervical stroma appears as 
a rim of decreased signal intensity against the relatively 
high signal intensity of the cervical mucosa centrally 
and the paracervical fat peripherally. The T2-hypointense 
cervical stromal ring is an important landmark when 
evaluating for the presence of parametrial invasion 
in patients with cervical cancer. In contrast with 
T2-weighted images, the zonal anatomy of the cervix 
and supracervical uterus is not apparent on T1-weighted 
images. The cervix is of uniform intermediate signal 
intensity on T1-weighted images, although the endome- 
trium and endocervical canal may be relatively 
hypointense. 

Like the cervix, the normal vagina demonstrates 
central increased signal intensity corresponding to the 
mucosa and secretions surrounded by low signal inten- 
sity fibromuscular tissue on T2-weighted images. Iden- 
tification of the vagina on T1-weighted images can be 
facilitated by the insertion of a tampon. 
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Body-coil magnetic resonance imaging of the normal male pelvis. A, On a transaxial spin-echo T1-weighted image (repetition 
time = 600 ms; echo time = 15 ms), the prostate gland (p) has a homogeneous low signal intensity, similar to that of skeletal muscle; there is no 
zonal differentiation. B, At a more cephalic level, the thin wall of the normal bladder is slightly hyperintense compared with urine. As with the 
prostate gland, the seminal vesicle (solid arrow) is homogeneously hypointense. Periprostatic veins (open arrow) are seen in a normal wedge 
of fat between the seminal vesicle and the bladder. C, On a fast spin-echo T2-weighted image, the peripheral zone (arrow) has higher signal 
intensity than the central gland (arrowhead). D, This prostatic zonal differentiation is accentuated when fat saturation is implemented. Note 
the hyperintense corporal bodies of the penis (asterisk). E, On another fast spin-echo T2-weighted image with fat saturation, the seminal 
vesicle (curved arrow) appears as a collection of small, hyperintense cystic spaces. The periprostatic venous plexus (open arrow) consists of 
larger, hyperintense curvilinear structures. The wall of the urinary bladder (between arrowheads) appears as a low-intensity line. 


Computed tomography 
(CT) and magnetic resonance (MR) 
imaging of the lymph nodes. A, Is this 
CT scan normal? The left ureter (open 
arrow) lies on the medial aspect of the 
psoas muscle (arrow). T1-weighted 
MR images in the transaxial (B) and 
coronal (C) planes demonstrate an 
enlarged right common iliac node 
(arrow). On T1-weighted MR images, 
vessels can be distinguished from 
lymph nodes because of the signal void 
of moving protons. 
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Magnetic resonance imaging of the scrotum. Sagittal 
T2-weighted fast spin-echo (repetition time = 4000 ms; effective echo 
time = 108 ms) image demonstrates uniform hyperintense signal of 
the normal testis (T). The hypointense mediastinum (MSN) is identi- 
fied along the superoposterior pole of the testicle next to the head of 
the epididymis (EPI). A small hydrocele (H) is also demonstrated. 


BOX 1-2 Indications for Renal Arteriography 


1. Evaluation of renal artery occlusion or stenosis immedi- 
ately before percutaneous revascularization procedures. 

2. Evaluation of renal arteriopathy (e.g., vasculitis, aneurysm, 
fibromuscular dysplasia, arteriovenous malformation, 
arteriovenous or arterlocalyceal fistula, hemangioma). 

3. Preoperative or palliative ablation of a hypervascular 
neoplasm. 


m= ANGIOGRAPHY 


Angiography has been relegated to a secondary role in 
the evaluation of most genitourinary tract disease 
because of the advent of cross-sectional imaging. Nev- 
ertheless, there are still well defined indications for 
angiography of the genitourinary tract. 


Indications for Arteriography 


Indications for renal arteriography are shown in 
Box 1-2. Adrenal arteriography rarely is performed 
in the era of cross-sectional imaging and imaging- 
directed biopsy. Occasionally, it can be used to demon- 
strate the arterial supply of a large retroperitoneal 
mass and to identify the adrenal gland as the organ of 
origin. 

Gonadal arteriography is also performed rarely. 
Occasionally, testicular arteriography is needed to 
localize an undescended testicle and, rarely, to study a 
testicular mass. 

Selective internal pudendal arteriography is per- 
formed for the evaluation of vasculogenic impotence. 
Hemodynamically significant stenosis of the internal or 


Magnetic resonance imaging of the normal ovary in a 
premenopausal woman AJA magnified sagittal T2-weighted fast spin- 
echo image (repetition time = 5000 ms; effective echo time = 98 ms) 
demonstrates higher signal intensity of the medulla (m) compared 
with the cortex of the ovary (arrows) and the stromal rim around 
developing follicles (asterisk). The graafian follicles in the cortex of 
the ovary are hyperintense because, as they develop, fluid accumu- 
lates in the follicular antrum. B, On a coronal T1-weighted image 
(repetition time = 500 ms; echo time = 15 ms), the right ovary 
(arrow) is isointense compared with skeletal muscle and may not be 
distinguished from loops of small bowel. C, After intravenous contrast 
administration, the medulla and the follicular wall (granulosa-theca) 
enhance. Developing follicles (asterisk) are identified because fluid 
in the follicular antrum does not enhance. 


BOX 1-3 Indications for Renal Venography 


1. Evaluation of suspected renovascular hypertension (renal 
vein sampling for renin concentration). 

2. Evaluation of occlusive disease of the renal vein or inferior 
vena cava after a nondiagnostic work up. 


study. Iliac, internal pudendal, penile, or cavernosal 
arteries may be the cause of arteriogenic vascular 
impotence. 


Indications for Venography and Venous Sampling 


Indications for renal venography are shown in Box 
1-3. Adrenal vein sampling is most often performed 
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FIGURE 1-34 Zonal anatomy of the normal uterus on T2-weighted images. A, A sagittal fast spin-echo T2-weighted 
image (repetition time = 3200 ms; effective echo time = 104 ms) of the uterus shows the trilaminar appearance of the 
normal uterus. The endometrium (small white arrow) has high signal intensity similar to or greater than that of fat. 
The outer myometrium (black arrow) has intermediate signal intensity, and the inner myometrium or junctional 
zone (asterisk) has lower signal intensity similar to that of skeletal muscle. B, In another patient, the sagittal fast 
spin-echo T2-weighted image shows a normal but thicker junctional zone (asterisk). The cervical epithelium and 
mucus (small white arrow) have high signal intensity. The cervical stroma (curved white arrow) surrounds the 
endocervix and has homogeneously low signal intensity. Normal ovarian follicles (open arrow) are also seen. 


to identify small, hyperfunctional adrenal neoplasms 
(e.g., aldosteronoma) that cannot be localized with 
CT or MRI. Sampling may be followed by adrenal phle- 
bography because small adrenal tumors may be identi- 
fied by mass effect or displacement. A complication of 
venography is adrenal hemorrhage or contrast extrava- 
sation, which may present clinically as progressive back 
pain and low-grade fever and may result in permanent 
dysfunction of the affected adrenal gland. 

Testicular and ovarian venography has been replaced 
by sonography and CT, with a few exceptions. The most 
common indication for testicular phlebography is the 
identification and transcatheter occlusion of varicocele 
in infertile patients. Testicular phlebography is still 
required in some patients to identify the pampiniform 
plexus in patients with testicular nondescent when 
sonography, CT, or MRI is nondiagnostic. Sampling of 
the ovarian venous effluent may be used to identify a 
rare functional neoplasm of the ovary. 


Technique for Conventional Angiography 


Renal and pelvic arteriography is performed by a trans- 
femoral route, with the Seldinger method of catheter 
insertion. For selective renal arteriography, an end-hole 
visceral catheter, 4- to 6.5-F shepherd’s crook, or Cobra 
catheter is used (Fig. 1-36). A multiple-side-hole cath- 
eter is used for renal venography. Selective pelvic 
arteriography usually can be performed from an ipsilat- 
eral or bilateral approach. Selective catheterization 
of the internal iliac branches can be performed with 
a Cobra catheter or shepherd’s crook catheter. The 
type of iodinated contrast, injection rate and volume, 
and filming technique for selected genitourinary 
tract angiographic examinations are summarized in 
Appendix L. 


Digital Subtraction Angiography 


Digital subtraction angiography (DSA) is a computer- 
assisted vascular imaging method that requires only 
about one half of the intra-arterial concentration of 
contrast material to depict vessels of similar size by 
conventional angiography. The main advantage of DSA 
over conventional angiography is the ability to postpro- 
cess digitized images to maximize contrast resolution. 
The DSA technique calls for exposure of several pre- 
contrast images immediately after contrast medium 
injection but before the contrast appears in the target 
vessels. These images serve as subtraction masks. Mul- 
tiple images are obtained during contrast opacification 
of the vascular anatomy of interest. subtraction of the 
postcontrast images from the precontrast masks yields 
an image with high vascular conspicuity. Postprocess- 
ing manipulation of images improves mask registration, 
magnifies the image, zooms to a part of the image, or 
changes window and level settings. 

With intra-arterial DSA, contrast material is injected 
directly into the aorta or selectively into the renal 
artery. Using 43% contrast medium injected at a rate 
and volume less than that for cut-film arteriography, 
excellent opacification of main and branch renal arter- 
ies can be attained with filming at 1.5 to 3 frames/ 
second. 


m= NUCLEAR MEDICINE 
Renal Scintigraphy 
Radiopharmaceuticals 


Te-99m _Diethylenetriaminepentaacetic Acid. The 
accurate measurement of GFR requires an agent that is 
filtered completely by the glomerulus but is not reab- 
sorbed, metabolized, or secreted by the renal tubules. 
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FIGURE 1-35 Contrast-enhanced magnetic resonance imaging of 
the uterus. [A] On a coronal spin-echo T1-weighted image, the endo- 
metrium (white arrow) is slightly hypointense compared with the 
myometrium, but, in general, there is little tissue contrast. B, After 
the administration of intravenous contrast, increased signal intensity 
of the endometrium (small black arrow) and outer myometrium (m) 
improves tissue contrast on a T1-weighted image. There is relatively 
less enhancement of the junctional zone (asterisk). Compare the 
zonal anatomy shown on the postcontrast T1-weighted image with 
that demonstrated on a fast spin-echo T2-weighted image (CI 


Diethylenetriaminepentaacetic acid (DTPA) is one of 
the agents that can be used to accurately measure GFR. 
Its clearance is typically a few percent lower than 
inulin, the traditional standard for measuring GFR. The 
relative GFR of each kidney can be determined from 
the net counts that accumulate in the kidneys during 
the 2 to 3 minutes after tracer injection. The extraction 
fraction is the percentage of the radiopharmaceutical 
removed by the kidney with each pass. In patients with 
impaired renal function, Technetium-99m DTPA may 
not be as useful because the extraction fraction is 
approximately 20%. Tc-99m mercaptoacetyltriglycine 
(MAG;) has an extraction fraction of 40% to 50% and 
provides better quality scintigrams in patients with 
poor renal function. 


BI] Ortho-iodohippurate. To measure effective renal 
plasma flow, the ideal radiopharmaceutical should be 
removed completely from arterial plasma during a 


FIGURE 1-36 Normal right renal arteriogram. The main renal artery 
typically originates near the inferior endplate of L1. In 20% to 30% of 
patients, a supplementary renal artery originates distal to the main 
renal artery. The ventral ramus (solid arrow) is the major continu- 
ation of the renal artery and is dominant, sending segmental branches 
to the cranial, caudal, and middle poles (hollow arrow, dorsal 
ramus). Segmental arteries (s) course through the renal sinus and, 
beyond the papillae, are termed interlobar arteries (i). The arcuate 
arteries (closed triangle) are the terminal branches of the inter- 
lobar arteries and demarcate the corticomedullary junction. 
Interlobular arteries (small arrows) originate from and course per- 
pendicular to the arcuate arteries toward the renal capsule. About 20 
afferent glomerular arterioles originate from each interlobular artery. 


single pass through the kidney. “I ortho-iodohippurate 
(OIH) is similar in structure to para-aminohippurate, 
and approximately 80% is extracted during a single pass 
through the kidney; 85% is removed by tubular secre- 
tion, and the remaining 15% is removed by glomerular 
filtration. The major use of OIH scintigraphy is for the 
evaluation of total and individual renal function. The 
main disadvantage of '*'I OIH is the suboptimal imaging 
characteristics of *'I compared with Tc-99m. Patients 
with impaired renal function may receive high doses of 
radiation to the kidney. OIH is no longer available 
commercially. 


Te-99m Mercaptoacetyltriglycine. Tc-99m MAG; is a 
radiopharmaceutical with imaging properties similar 
to those of OIH. However, image quality with this 
agent is better than that of either “I OIH or Tce-99m 
DTPA. This is attributed to the superior imaging 
characteristics of Te-99m relative to ''I and to the 
smaller volume of distribution and more rapid clear- 
ance of MAG; compared with DTPA. MAG; is excreted 
in the kidney primarily through secretion by proximal 
renal tubule cells, and its clearance is only about 40% 
to 50% that of OIH. However, because it is highly 
protein-bound, a larger proportion of MAG; remains in 
the plasma. A higher plasma concentration compen- 
sates for the relatively lower extraction fraction, and 
the renogram curve and the 30-minute urinary 
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FIGURE 1-37 Normal Te-99m mercaptoacetyltriglycine (MAG;) renogram. A, Time/activity curve. B, Static images. 
Quantitative measurements of tracer accumulation and excretion aid the interpretation of images. The relative renal 
uptake provides a measure of relative renal function and can range to 56%/44%. The peak activity should occur by 5 
minutes after injection. The Tı quantifies tracer washout, and a value of less than 10 minutes is normal. As renal 
function deteriorates, the transit time through the kidney increases, which is reflected in an elevated value for the 
20-minute/maximum-activity ratio; a normal ratio for Te-99m MAG; is 0.3. 


excretion of MAG; are nearly identical to those of OIH 
(Fig. 1-37). 


Te-99m Dimercaptosuccinie Acid and Glucohep- 
tonate. The ideal renal cortical imaging agent should 
accumulate in the cortical tubules and be retained in 
cortical tissue exclusively so that interference from pel- 
vocalyceal activity is minimized. Approximately half of 
the administered dose of dimercaptosuccinic acid accu- 
mulates in the distal tubules within 1 hour and remains 
in the renal cortex for up to 24 hours. Glucoheptonate 
is cleared primarily by glomerular filtration; a small 
amount is extracted and concentrated in the cytosol of 
proximal renal tubule cells. Up to 45% is excreted in the 
urine within 1 hour, and 10% remains bound to the 
renal tubular cells for up to 2 hours. These agents serve 
to indicate functioning tubular mass and can be used 
to elucidate renal morphology. It is often used to iden- 
tify scarring in patients with a history of reflux or UTIs. 


Renogram Curve 


The renogram curve is a graph of summated activity 
over a targeted region of interest with respect to time. 


The region of interest may be the entire kidney or 
one of its constituents (i.e., renal cortex, renal pelvis). 
This time/activity curve can be subdivided into periods 
of tracer appearance or accumulation, extraction, 
and elimination (Fig. 1-37A). Depending on the radio 
pharmaceutical, tracer extraction is proportional to 
effective renal plasma flow (MAG; and OIH) or GFR 
(DTPA). 

Quantitative measurements of renal function based 
on the time-activity data can aid the interpretation of 
images. The relative renal uptake is a comparative mea- 
surement of tracer accumulation by each kidney and is 
determined on an image made 1 to 2 minutes after 
tracer injection; normal differential function can be as 
asymmetric as 56%/44%. The time-to-maximum activity 
is used to assess the extraction of radiotracer by each 
kidney. In general, the peak height of radioactivity 
should occur by 5 minutes after injection. The rate of 
radiotracer washout can be measured by the T12, which 
is determined during the steep part of the washout 
curve (Fig. 1-37A). Normal values for the Tı» depend 
on the radiopharmaceutical; but as a general rule, a 
value less than 10 minutes is normal, and a value more 
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BOX 1-4 Indications for Renal Scintigraphy 


EVALUATION OF RENAL PARENCHYMA 


1. Determination of relative renal blood flow (ischemic 
nephropathy, trauma). 

2. Determination of relative renal function (unilateral 
obstruction, previous renal surgery, trauma, renovascular 
hypertension [often in conjunction with administration of 
angiotensin converting enzyme inhibitors]). 

3. Evaluation of renal cortical disease (pyelonephritis, reflux 
nephropathy, or renal pseudomass)*. 


COLLECTING SYSTEM 

1. Evaluation of collecting system dilatation (often in con- 
junction with furosemide administration). 

2. Evaluation of vesicoureteral reflux. 


*Cortical agents may still have a role in the rare patient with an absolute 
contraindication to iodinated contrast, in a patient with diabetes with severe 
renal insufficiency, or in the evaluation of a renal pseudomass (cortical 
Column of Bertin). 


than 20 minutes is abnormal. In the case of a dilated 
renal collecting system, furosemide may improve the 
accuracy of renography in the diagnosis of obstruction. 
A general measure of tracer transit through the renal 
cortex is the 20-minute/maximum-activity ratio. In the 
absence of pelvic or calyceal retention, a normal ratio 
for Tc-99m MAG; or '!I OIH is less than 0.3. 


Indications 
Indications for renal scintigraphy are shown in Box 1-4. 


Adrenal Scintigraphy 


Adrenal scintigraphy complements cross-sectional 
imaging methods in the evaluation of an adrenal mass 
lesion. Scintigraphy with the cholesterol analog NP- 
59 provides functional localization of adrenocortical 
disease. Imaging with or without dexamethasone sup- 
pression is used to evaluate hypofunctional adrenal 
disease and diseases of adrenocortical hyperfunction, 
such as Cushing syndrome, primary aldosteronism, and 
adrenogenital syndrome. Sympathoadrenal imaging is 
performed with '*'I meta-iodobenzylguanidine (MIBG). 
MIBG scintigraphy is useful for the detection of extra- 
adrenal and metastatic disease, particularly when 
CT or MRI is not helpful in localizing a suspected 
pheochromocytoma. 


Scrotal Scintigraphy 


Radionuclide imaging has been used to differentiate 
testicular torsion from epididymoorchitis in the patient 
with an acutely painful and enlarged hemiscrotum. 
Tc-99m pertechnetate, DTPA, or human serum albumin 
can be used to assess the perfusion of the acute scrotum. 
After a radioactive string is positioned between the 
testicles, the radiotracer is injected and rapid sequen- 
tial images are obtained over the scrotal region. Rela- 
tive decrease or nonperfusion of the symptomatic 
testicle suggests acute torsion as the cause of the acute 
scrotum. Preservation of flow or increased flow in the 
symptomatic testicle suggests an inflammatory cause of 


unilateral scrotal pain or swelling. Scrotal scintigraphy 
for the acute scrotum has been essentially replaced by 
sonography with color Doppler imaging. 


= APPENDICES 
Appendix A. Computed Tomography Urography 


Procedure 

1. Unenhanced low dose MDCT, 2.5 mm collimation or 
less, from just above the kidneys to just below the 
bladder. 

2. Inject 125 mL of intravenous contrast material at a 
rate of 4 mL/second. 

3. Repeat scan coverage of urinary tract with 100- 
second delay. 

4. Inject 10 mg of furosemide intravenously 3 to 5 
minutes before excretory phase scans. 

5. Repeat scan coverage with low dose CT following 
a 10 to 15 minute delay from start of contrast 
injection. 


Notes 

1. Avoid furosemide injection in patients with allergy 
to furosemide or to sulfa drugs, or if systolic blood 
pressure less than 90 mm Hé. 

2. Review excretory phase scans with both soft tissue 
and with bone window and level settings. 


Appendix B. Voiding Cystourethrography 


Contrast. The meglumine salts of diatrizoate and 
iothalamate are used for cystography and urethrogra- 
phy. In general, 15% solutions are used for cystography 
because higher concentrations may cause a chemical 
cystitis. 


Procedure. The routine voiding cystourethrogram is 
performed with spot films and fluoroscopy, or with 
overhead films. 

1. Obtain a scout image and then after cleansing the 
glans penis or introitus with sterile iodine solution, 
the urethra is catheterized with a 14- to 18-F cath- 
eter. The catheter is advanced until urine is obtained. 
The bladder is drained of residual urine, and contrast 
material is instilled slowly under gravity. If transure- 
thral catheterization of the bladder is not possible, 
percutaneous cystostomy with an 18- or 20-gauge 
needle can be performed. 

2. Obtain spot films of the urinary bladder and both 
renal fossa. 

3. As the bladder fills with contrast material, anteropos- 
terior and bilateral oblique spot films of the urinary 
bladder are acquired. The bladder is filled gradually, 
and intermittent fluoroscopy is used to evaluate for 
vesicoureteral reflux. Should reflux or diverticula be 
detected fluoroscopically, spot films should be taken 
for documentation. The bladder is filled until capac- 
ity is reached and the urge to void occurs. Any spon- 
taneous micturition should be filmed, and in men, 
films should be exposed in the steep oblique position 
to profile the urethra. 

4. If the patient feels ready to void, gently remove the 
catheter. If the patient is voiding into a radiolucent 
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receptacle, care should be exercised not to compress 
the urethra at the penoscrotal junction, causing 
extrinsic obstruction. Manual compression of the 
penile meatus by the patient can facilitate opacifica- 
tion of the urethra during spontaneous micturition. 
In women, start in the oblique position and slowly 
turn the patient to an anteroposterior position. In 
men, a steep oblique position will image the urethra 
in profile. Multiple spot films of the urethra are 
obtained while the patient voids. 

5. After micturition is completed, estimate the residual 
urine volume, and fluoroscopically evaluate the 
pelvis and abdomen for ureteral reflux. Repeat films 
of the urinary bladder and both renal fossa. 


Appendix C. Urethrography 


Dynamic Retrograde Urethrography 


Contrast. Retrograde urethrography commonly is per- 
formed with a 30% contrast solution, although a 60% 
concentration may be necessary to opacify the adult 
male urethra adequately. 


Procedure. Filming is performed with the objective of 

demonstrating the morphology of the male urethra. 

1. Insert a Foley catheter with a 5-mL balloon into the 
distal urethra after cleansing the glans penis with 
povidone-iodine solution. Then, gently inflate the 
balloon of the Foley catheter in the fossa navicularis 
until the patient senses pressure and the catheter is 
secure. 

2. Attach an adapter, extension tube, and 50-mL syringe 
with contrast medium in sequence to the Foley cath- 
eter. The entire system should be flushed in advance 
to avoid instillation of air bubbles. 

3. Position the patient in a 45-degree oblique position 
with the dependent thigh flexed. 

4. Tape extension tubing to the inner aspect of the 
thigh. 

5. Inject contrast gently but firmly to overcome 
resistance of the external sphincter. Volitional relax- 
ation of the internal sphincter can be achieved by 
asking the patient to simulate pelvic relaxation of 
micturition. 

6. Acquire multiple spot films to document the mor- 
phology of the anterior and posterior urethra. 

7. Because the external urethral office is more difficult 
to occlude, the double-balloon catheter technique 
frequently is used for urethrography in a woman. A 
proximal balloon occludes the external meatus of the 
urethra, and a distal balloon occludes the vesicle 
neck. Intraurethral pressure increases as contrast 
material is instilled and suffices to fill a urethral 
diverticulum, if one exists. 


Pericatheter Retrograde Urethrography 


Procedure. The examination is performed with spot 

films to demonstrate part or all of the urethra when an 

intraurethral catheter is present. This study is typically 

requested after pelvic trauma or urethroplasty. 

1. After obtaining a scout image, advance a 5- to 8-F 
pediatric feeding tube, lubricated with anesthetic 
jelly, into the urethra adjacent to a pre-existing 


catheter. The tip of the catheter should be positioned 
in the distal urethra when investigating patients with 
recent urethroplasty but should be advanced near 
the external urethral sphincter when studying the 
traumatized urethra. 

2. Complete remaining sequences as in steps 2 through 
6 of the dynamic retrograde urethrogram. 


Appendix D. Ileostoureterography 
(Ileal Loopography) 


Contrast. Cystographic contrast solution is recom- 
mended. Undiluted 15% or 30% iodinated contrast 
medium in a syringe may be used if there is inadequate 
definition of the collecting system resulting from 
ureteropelvocaliectasis. 


Procedure 

1. Obtain a preliminary plain film of the abdomen and 
pelvis. 

2. Use a 14-F Foley catheter with 5-mL balloon. Insert 
the tip of the catheter into the bowel conduit well 
beyond the inner abdominal wall. Inflate the balloon 
of the Foley catheter, and withdraw gently to ensure 
tamponade of the bowel conduit. 

3. Connect a bottle containing contrast material to a 
connecting tube and the Foley catheter. Instill cys- 
tographic contrast material by gravity; it is important 
not to exceed an elevation of approximately 1 meter 
above the bladder when instilling contrast medium. 

4. Under fluoroscopy, document retrograde filling of 
collecting systems, and acquire films of any unusual 
findings. 

5. Obtain overhead anteroposterior and bilateral 
oblique films once the entire system is opacified. 

6. Deflate the balloon of the Foley catheter and, after 
10 to 15 minutes, obtain a postdrainage overhead 
anteroposterior film. 


Appendix E. Balloon Catheter 
Hysterosalpingography 


There are two different methods of hysterosalpingogra- 
phy. The balloon catheter technique is favored by the 
majority of radiologists because it is a more versatile 
technique, facilitating filming in oblique and prone 
positions. Gynecologists favor the tenaculum-cannula 
technique, which does not entail intubation of the cer- 
vical canal. Use of the tenaculum and cannula allows 
the physician to opacify a scarred uterine cavity, a 
condition in which the balloon catheter often is expelled. 


Contraindications 

1. Menses 

2. Active pelvic inflammatory disease 

3. Within 4 days after dilatation and curettage 
4. Pregnancy. 


Contrast. Either an oil-soluble or a water-soluble con- 
trast material can be used for hysterosalpingography. 
Water-soluble contrast material is preferred because 
mucosal detail is depicted more clearly and because it 
is promptly resorbed by peritoneal epithelium. 
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Oil-soluble contrast material gained popularity because 
higher pregnancy rates initially were reported. However, 
the major disadvantage of oil-soluble contrast material 
is relatively poor mucosal detail. Because of delayed 
absorption, retention of oil-soluble contrast material 
may incite fibrosis and granuloma formation. 


Procedure 

1. Acquire a preliminary anteroposterior film of the 
pelvis. 

2. Perform bimanual pelvic examination to determine 
the position of the uterus and cervix and to palpate 
any uterine or adnexal masses. 

3. Insert a speculum, and open as wide as possible for 
complete visualization of the cervix. A uterine sound 
may be used to dilate the external cervical os. Fascial 
dilators may be required to enlarge a stenotic endo- 
cervical os or canal. 

4. Connect in sequence a syringe filled with contrast 
material, extension tubing, three-way stopcock, 
plastic or metal adapter, and an 8-F Foley catheter. 
Air should be expelled completely from the system. 
The Foley catheter balloon is tested, and a 3-mL 
syringe, filled with 1 mL of sterile saline, is attached 
to the balloon port. The three-way stopcock is then 
closed to the Foley catheter, and the extension tubing 
and syringe are separated from the rest of the system. 

5. Grasp the end of the Foley catheter with long forceps 
just proximal to the balloon. Insert the catheter into 
the cervical canal; gently inflate the balloon just 
beyond the external cervical os until the catheter 
cannot be withdrawn with moderate tension. 

6. Carefully remove the speculum, and position the 
patient on the fluoroscopy table in a supine 
position. 

7. Reattach the extension tubing and syringe to the 
system, and open the three-way stopcock. 

8. Slowly inject contrast medium, observing the sequen- 
tial opacification of the endometrial cavity and 
uterine tubes. Expose selected, coned spot films in 
the anteroposterior and oblique positions. The initial 
anteroposterior film is a view of the underfilled 
uterine cavity to demonstrate contour. Next, obtain 
shallow oblique views of the uterine tubes. Finally, 
acquire an anteroposterior view showing both uterine 
tubes and free dispersion of contrast medium around 
pelvic loops of small bowel. 

9. If the uterine tubes cannot be opacified with the 
patient in a supine position, acquire spot films in the 
prone position while contrast material is instilled. 
Alternatively, glucagon or terbutaline may be admin- 
istered if nonopacification is attributed to tubal 
spasm. 


Appendix F. Endovaginal Sonography 


Preparation and Positioning 

1. The urinary bladder should be empty to prevent 
displacement of pelvic organs by a distended bladder. 
With an empty bladder, the procedure is far better 
tolerated by the patient. 

2. A modified lithotomy position facilitates manipula- 
tion of the transducer. The head and upper body of 


the patient are elevated to cause pooling of any 
abdominal fluid in the pelvis. If a flat examining table 
is used, a thick foam cushion should be inserted 
below the pelvis to facilitate free movement of the 
examiner’s hand in tilting the transducer probe in 
the vertical plane. 

3. The typical endovaginal transducer operates at 5 to 
7.5 MHz, may be either end firing or side firing, and 
has focal zones between 1 cm and 8 cm. Many trans- 
ducers can perform duplex and color Doppler sonog- 
raphy as well. A 90- to 115-degree sector scan format 
is typical. The transducer is prepared for insertion 
by lubricating it with coupling gel and covering it in 
a condom. 


Procedure. The fundamental transducer orientations 

are longitudinal (sagittal) and coronal. Systematic 

examination of the uterine fundus, corpus, cul-de-sac, 
cervix, ovaries, and adnexa is suggested. 

1. The uterine fundus and corpus are examined in the 
longitudinal plane. The uterus assumes a more ante- 
verted position when the bladder is not distended. 
To image the fundus, the transducer may have to be 
angled anteriorly. As with the transabdominal study, 
the myometrium and endometrium can be readily 
distinguished. 

2. Posterior angulation of the transducer permits 
sequential evaluation of the lower uterine segment, 
cervix, and cul-de-sac. 

3. Rotating the transducer 90 degrees shifts the image 
into a coronal plane. After the uterus is re-examined 
in the coronal plane, the adnexa and ovaries are 
studied. 

4. The ovaries are imaged by angulating the transducer 
to the side and then slowly scanning in an anterior- 
to-posterior direction. Several anatomic landmarks 
can be used to localize the ovaries. The first is loca- 
tion. In the nulliparous patient, the ovaries are 
usually found in the ovarian fossa, just anterior to 
the internal iliac artery and vein. Second, the ovary 
usually is identified in women who are menstruating 
by the presence of multiple, peripheral follicles. 
Unless dilated, the fallopian tubes are not usually 
visualized. 


Appendix G. Transrectal Sonography of the 
Prostate Gland 


Preparation and Positioning 

1. The optimal transducer permits imaging in the trans- 
verse and parasagittal planes at a frequency of 5 to 
7 MHz. End-viewing transducers are designed such 
that the imaging plane is directed along the long axis 
of the transducer; thus any plane between the stan- 
dard orthogonal planes can be selected readily. 

2. The patient is scanned in either the left lateral 
or semiprone (Sims’) position. The examination 
begins with a digital rectal examination; the prostate 
gland should be examined for firmness, size, and 
nodularity. 

3. An excess of fecal material in the rectum may 
create artifacts and compromise the transmission of 
sound. An enema immediately before scanning will 
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minimize this problem but is optional unless biopsy 
is planned. 


Procedure 

1. A lubricated and condom-sheathed transducer is 
introduced into the rectum. 

2. A series of four to six transaxial images of the pros- 
tate gland and seminal vesicles is obtained in the 
midline, followed by a series of four to six laterally 
angled transaxial images of the left and right margins 
of the gland. Recalling that peripheral zone tissue 
comprises a major part of the apical prostate, par- 
ticular attention to this area of the prostate is 
suggested. 

3. The transducer is then rotated, and a series of six to 
eight sagittal images of the prostate is performed. 
Cephalocaudal angulation of the transducer when 
imaging in the parasagittal plane may be required. 


Appendix H. Sonography of the Scrotum 


Preparation and Positioning 

1. The scrotal ultrasound examination begins with a 
review of the clinical history and a physical examina- 
tion of the scrotum. 

2. To optimize scanning, the scrotum is positioned so 
that it rests on a towel draped over the thighs. A 
second towel is placed over the ventral surface of the 
penis after it is positioned to rest on the lower 
abdominal wall. 


Procedure 

1. Scanning is performed with a 7.5-MHz or 10-MHz 
linear-array or sector-scanning transducer. If the 
physical examination indicates, scanning of the 
suspected area of focal abnormality is performed 
first. 

2. Comparative transaxial images of both testes are 
important to accentuate subtle differences in paren- 
chymal echogenicity that may occur with diffusely 
infiltrative disease. One image each through the 
upper pole, midpole, and lower pole of the testes 
should be recorded. 

3. Sagittal and transaxial images of the upper, 
middle, and lower pole of each testicle are acquired 
next. 

4. When indicated, routine gray-scale images can be 
supplemented by color Doppler sonography of the 
testis or epididymis. 


Appendix I. Conventional Computed Tomography 
of the Genitourinary Tract: Oral and Intravenous 
Contrast Media 


Oral Contrast Media. Oral contrast media include 
dilute gastrografin and barium preparations. One oral 
contrast medium for abdominal and pelvic CT consists 
of a 2.5% solution of Gastrografin in water or juice (i.e., 
0.25 ounce of Gastrografin in 10 ounces of water or 
juice) or a 2% suspension of barium. Optimal opacifica- 
tion of the colon is achieved after the patient consumes 
an 8-ounce cup of the dilute contrast suspension 12 
hours and 6 hours before CT. 


Intravenous Contrast Medium. The majority of renal 
and pelvic CT examinations are performed with intra- 
venous contrast medium. In some patients, supplemen- 
tary noncontrast CT will provide important information 
about nephrolithiasis and parenchymal or neoplastic 
calcification patterns. Particularly in patients who 
undergo CT for evaluation of a renal mass, CT before 
and after contrast enhancement is recommended 
because change in attenuation is an important diagnos- 
tic criterion. 

Intravenous contrast material should be adminis- 
tered by a power injector. Typical infusion technique 
calls for injection of 100 to 150 mL of 60% contrast 
medium at a rate of 2 to 4 mL/second. For a CT arte- 
riogram of the kidneys, scanning should commence 25 
seconds after initiation of the contrast material injec- 
tion. For renal parenchyma evaluation, a delay of 60 to 
80 seconds is typically used. The tubular phase of 
enhancement, which is best for renal mass detection, 
occurs 120 seconds after the start of the intravenous 
injection. 


Appendix J. Suggested Conventional 
Computed Tomography Protocols for 
Specific Clinical Problems 


Adrenal Mass 


After localizing the suprarenal area on a scout image, 
contiguous 1.0- to 2.5-mm sections are acquired through 
both adrenal glands. Unless a large mass is found, a 
noncontrast CT technique will suffice. Determining the 
attenuation value of an adrenal mass may be of value 
for characterization. 

If the concern is adenoma versus metastasis, and the 
noncontrast study is not diagnostic of adenoma, then 
the adrenals should be rescanned following intravenous 
contrast enhancement. Scanning at 60 to 80 seconds 
and at 15 minutes after the start of contrast injection 
is recommended. 


Computed Tomography Stone Study 

No oral or intravenous contrast material should be 
administered. Helical or multidetector unenhanced 
scanning from above the kidneys to below the bladder 


is performed with 2.5-mm collimation and pitch 
of 1.5. 


Renal or Perinephric Mass 


Evaluation should include contiguous 2.5-mm sections 
through both kidneys with unenhanced and intrave- 
nous contrast-enhanced sequences. Staging of a known 
or suspected renal cell malignancy requires evaluation 
of the renal veins, the adrenal glands, and the liver. The 
kidneys should be scanned during the corticomedullary 
phase (70 seconds) and the tubular phase (120 seconds) 
to optimize mass detection. 


Renal Trauma 


Standard technique calls for contiguous 5-mm_ or 
thinner sections throughout both kidneys with contrast- 
enhanced technique. Delayed images (300 seconds) 
should be obtained to assess for urine extravasation. 
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Disease of the Pyeloureteral 
and Retroperitoneal Region 


Extrinsic displacement or obstruction of the ureter in 
the adult usually results from malignancy (metastasis) 
but occasionally results from a benign process (retro- 
peritoneal fibrosis, abscess) or a primary mesenchymal 
tumor. Depending on the extent and location of the 
lesion, contiguous 5-mm or thinner sections with 
noncontrast and contrast-enhanced sequences are 
recommended. 


Cervical, Uterine, and Ovarian Cancer Staging 

For characterization and staging of known or suspected 
malignancies of the ovary or uterus, contiguous 5-mm 
or thinner sections through the abdomen and pelvis 
during power injection of 100 to 150 mL of iodinated 
contrast medium is recommended. Placement of a 
tampon before scanning helps to identify the vagina. 


Staging of Prostate Cancer 


To assess extraprostatic and seminal vesicle spread for 
staging prostate cancer, 5-mm contiguous sections 
through the prostate are obtained. For nodal staging of 
prostate cancer, contiguous 5-mm or thinner sections 
from the prostate to the level of the xiphoid process 
during contrast infusion are recommended. Images 
should be reviewed in soft-tissue and bone window 
formats. 


Undescended Testicle 

Noncontrast 5-mm or thinner contiguous sections from 
midscrotum to the aortic bifurcation are obtained. 
Asymmetry of soft tissues at and below the inguinal 
ligament is the focus of the evaluation. 


Bladder Mass 


To investigate a mass or thickening of the bladder wall, 
contiguous 5-mm or thinner sections through the 
bladder, before and after intravenous injection of 100 
to 150 mL of iodinated contrast medium, are recom- 
mended. If nodal staging of a known bladder malig- 
nancy is the intent, contiguous 5-mm or thinner 
sections through the abdomen and pelvis are obtained. 


Appendix K. Suggested Protocols for 
Magnetic Resonance Imaging of the 
Genitourinary Tract 


MRI protocols are tailored to address specific clinical 
questions and the sequences utilized vary across indi- 
viduals, institutions and MRI systems; however, the 
protocols in general are based upon various T1- and 
T2-weighted techniques. A basic framework for MRI of 
the abdomen and pelvis is discussed in this section, and 
the reader is encouraged to consult additional sources 
for more detailed protocol information and specific 
sequence parameters. Most MRI of the abdomen and 
pelvis is performed utilizing a phased-array surface coil. 
In order to optimize the imaging protocol, it is also 
important to consider patient factors, such as the 
patient’s ability to hold their breath for various pulse 
sequences and their ability to tolerate being supine for 


the duration of the examination, as this may have a 
significant impact on image quality. 


Magnetic Resonance Imaging of the Kidneys, 
Adrenal Glands, and Ureters 


1. For evaluation of a renal mass, precontrast and post- 
contrast three-dimensional T1-weighted spoiled 
gradient-echo images with fat-suppression in the 
transverse and coronal planes are recommended. 
Slice thickness of 5 mm or less is recommended. 
Postcontrast images are obtained in multiple phases 
of enhancement to optimize lesion detection and 
characterization, and to allow assessment of the 
renal vasculature. 

2. Fat-suppressed T2-weighted images of the kidneys in 
the axial plane are also used to evaluate known or 
suspected renal masses. FSE or TSE T2-weighted 
sequences and diffusion-weighted sequences are 
most often utilized. These are usually supplemented 
with a breath-hold ultrafast spin-echo T2-weighted 
sequence such as SS-SFE (General Electric scan- 
ners) or HASTE (Siemens scanners). 

3. In-phase and opposed-phase T1-weighted images 
(dual-echo spoiled gradient echo or Dixon technique) 
are acquired to detect the presence of lipid in 
renal and adrenal masses, and can also detect the 
presence of hemosiderin in some renal masses. 
Lipid-containing lesions show signal loss on opposed- 
phase images, whereas hemosiderin-containing 
lesions show loss of signal on the in-phase images. It 
may be helpful to acquire in-phase and opposed- 
phase images in both the axial and coronal planes 
when assessing adrenal masses. If diffuse signal loss 
is seen in an adrenal mass on opposed-phase imaging, 
the diagnosis of lipid rich adrenal adenoma can 
be made. 

4. For staging of a known renal malignancy, the liver, 
adrenal glands, and upper retroperitoneum should 
also be evaluated routinely. 

5. If patients are unable to receive intravenous contrast 
material secondary to poor renal function or allergy, 
noncontrast angiographic sequences can be obtained 
to assess the renal vasculature and inferior vena cava 
for the staging of renal cell carcinoma and adrenal 
cortical carcinoma. 

6. MR urographic sequences utilizing either T2- or 
T1-weighted techniques can be obtained to evaluate 
the urinary tract. T2-weighted techniques take 
advantage of the high signal intensity of urine sec- 
ondary to its long T2 relaxation time, and can dem- 


onstrate the fluid-filled urinary tract without relying 
on the excretion of contrast material 
This is particularly useful in patients with poor renal 
function. T1-weighted techniques rely 


on the renal excretion of intravenous contrast mate- 
rial and are analogous to excretory-phase imaging of 
CTU. Excretion may be limited or severely delayed 
in patients with urinary tract obstruction, and 
gadolinium-based contrast agents should not be 
given to patients with severe renal insufficiency or 
acute renal failure. In the absence of contraindica- 
tions, intravenous administration of fluids and 
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Magnetic resonance urography. A, T2-weighted static fluid image shows high signal in fluid-containing 
spaces including the urine-filled pelvocalyces and bladder. B, T1-weighted image during the excretory phase following 
gadolinium contrast enhancement shows details of the kidneys and urothelial-lined structures analogous to a computed 
tomography urography (CTU) image. 


furosemide injection may improve distention and 
visualization of the urinary tract. 


Magnetic Resonance Imaging of the Male Pelvis 
1. A phased-array surface coil is typically utilized to 


image the pelvis. FSE or TSE pulse sequences are 
used to generate T1- and T2-weighted images in the 
axial plane. High resolution imaging with a small field 
of view and slice thickness of no greater than 3 mm 
is recommended for detailed evaluation of the bladder 
and prostate. In addition, an endorectal coil can be 
utilized for evaluation of disease of the prostate. 

. Regarding the imaging of disease of or related to the 
urinary bladder, coronal plane images are recom- 


endorectal coil imaging of the prostate include 
transaxial Tl-weighted images, and multiplanar 
(transaxial, coronal, and sagittal) FSE T2-weighted 
images with a small field of view. Larger field of view 
sequences covering the entire pelvis should also be 
acquired to assess for pelvic adenopathy and osseous 
metastases. Multiparametric imaging protocols incor- 
porate diffusion-weighted imaging and dynamic 
contrast-enhanced imaging of the prostate gland to 
increase the sensitivity and specificity for prostate 
cancer detection and staging. MR spectroscopy of the 
prostate can also be performed, however this is not 
widely utilized in clinical practice. 


Magnetic Resonance Imaging of the 
Female Pelvis 


1. For most clinical problems, axial T1- and multipla- 


mended when disease involves the lateral walls or 
base and for evaluating pathology of the muscular 
pelvic floor. Coronal plane images can also be valu- 


able for evaluating the seminal vesicles and invasion 
of periprostatic fat by prostate cancer. For the staging 
of prostate cancer, sagittal views can be used to eval- 
uate invasion of the bladder base or rectum. Sagittal 
plane images are also used to evaluate disease involv- 
ing the bladder base or dome and the urethra. 

. Imaging of the prostate with an endorectal coil 
has been shown to improve the staging accuracy 
for prostate cancer. Recommended sequences for 


nar T2-weighted images will suffice. MRI is usually 
performed with a phased-array pelvic surface coil. 


. Sagittal plane images are used to evaluate the rela- 


tionship or spread of pelvic disease to the bladder or 
rectum. Coronal imaging planes depict the muscular 
pelvic floor optimally and are also used to evaluate 
extension of tumor to the pelvic sidewall. 


. For the evaluation of gynecologic malignancies 


(endometrial and cervical cancer), myometrial 
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3: 


disease or müllerian anomalies, coronal oblique and 
axial oblique imaging is advised because the relation- 
ship between the endometrial canal and myometrial 
tissue is depicted more clearly. Coronal oblique 
planes are oriented parallel to the long axis of the 
endometrial canal and are prescribed from a sagittal 
image. Axial oblique images can be preseribed 
from either the axial or sagittal planes and are 
oriented orthogonally to the long axis of the 
endometrium. 


. Diffusion-weighted imaging may improve the detec- 


tion of endometrial and cervical cancer and may be 
helpful in assessing the depth of myometrial invasion 
by endometrial cancer, especially in patients who are 
unable to receive intravenous contrast material. 

A T1-weighted sequence with fat saturation is useful 
to distinguish masses with fat from those that contain 
subacute blood products and should be incorporated 
into every female pelvic MRI protocol. Contrast- 
enhanced T1-weighted images with fat saturation 
have also been used to improve the staging of endo- 
metrial carcinoma by improving the accuracy of 
assessment of deep myometrial invasion. 


Appendix L. Selected Genitourinary 
Angiography Methods 


Renal Arteriogram* 


Catheter position Proximal renal artery 


Contrast medium 76% solution 


Rate of injection 5-6 mL/s 


Volume of contrast medium 10-12-mL 


2 films/second for 3 seconds 
1 film/second for 5 seconds‘ 


Filming rate 


*Magnification technique is recommended. 


‘A poorly vascularized neoplasm can be visualized with high-dose artcriography 


(5 mL/second for 30 mL total volume of contrast), epinephrine (5-8 ug) 
augmented angiography, or renal venography. 


Renal Venography 


Catheter position Main or segmental renal vein 


Contrast medium 76% solution 


Rate of injection 12-15 mL/second* 


Volume of contrast medium 25-30 mL* 


2 films/second for 3 seconds 
1 film/second for 4-5 seconds 


Filming rate 


*Injection rate and volume for main renal vein injection; injection rate will 


vary, depending on the location of the catheter. 


Renal Vein Sampling for Renin Concentration 


Catheter position Main renal vein* 


1 é salt diet; furosemide 
pretreatment; antihypertensive 
medications discontinued 


Preparation 


Sample volume of blood* 6 mL 


*Samples are obtained from inferior vena cava proximal and distal to renal 


veins; segmental renal vein sampling may be indicated with focal renal 
disease. 


Adrenal Arteriography 


Superior, middle, or inferior 
adrenal artery* 


Catheter position* 


Contrast medium 60% solution 


Rate of injection 1-2 mL/second 


Volume of contrast medium 4-8 mL 


Filming rate 1 film/second for 8 seconds 


*Selective catheterization may be necessary if standard aortography does not 
provide sufficient information. 


Adrenal Venography 


Catheter position Selective adrenal vein 


Contrast medium* 60% solution 


Rate of injection 1-2/second manually 


Volume of contrast medium 2-5 mL 


Filming rate 3 films/second for 3 seconds 


*If 


performed, venous sampling should always be done before venography. 


Gonadal Venography 


Catheter position Selective gonadal vein* 


Contrast medium 60% solution 


Rate of injection Manual 


Volume of contrast 5-10 mL 


1-2 films centered in ipsilateral 
upper and lower abdomen 


Filming technique 


*Reflux of contrast material into testicular vein may occur during retrograde 
renal venography. 
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The Kidney 


and Retroperitoneum 
Anatomy and Congenital Abnormalities 


CHAPTER OUTLINE 


EMBRYOLOGY 
CLASSIFICATION OF CONGENITAL RENAL 
ABNORMALITIES 
Abnormalities of Number 
Renal Agenesis 
Supernumerary Kidney 
Abnormalities of Position 
Rotational Abnormalities 
Renal Ectopia 
Abnormalities of Renal Fusion 
Horseshoe Kidneys 
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Normal urinary structures develop through of a series 
of complex, staged embryologic processes. Because of 
this complexity of urinary tract development, congeni- 
tal abnormalities occur commonly, in up to 10% of 
individuals. Because the kidneys and ureters develop 
simultaneously, an in utero event causing one malfor- 
mation often affects other areas of the urinary tract. 
Therefore the presence of one urinary tract anomaly 
greatly increases the likelihood of coexistent genitouri- 
nary anomalies; if one congenital anomaly is detected 
in the urinary tract, there is a 75% chance of a coexis- 
tent anomaly. Although many of these anomalies are 
clinically insignificant, some are very important. In 
addition, development of the genitourinary tract spans 
the period of organogenesis, during which other major 
organ systems are developed. Therefore genitourinary 
anomalies are commonly seen coexisting with congeni- 
tal abnormalities of other organ systems, especially the 
musculoskeletal system, central nervous system, car- 
diovascular system, and gastrointestinal tract. Finally, 
because the urinary and the genital systems are closely 
related embryologically, their development is interde- 
pendent, and anomalies of the genital system often 
coexist with urinary tract anomalies, and vice versa. 

This chapter concentrates on congenital abnormali- 
ties of the kidney and upper urinary tract and describes 
normal retroperitoneal anatomy as it pertains to the 
kidneys. 


== EMBRYOLOGY 


In humans, mature kidneys develop as a result of evolu- 
tion of three successive sets of primitive excretory 
structures (Box 2-1). These excretory organs, in order 
of development, are the pronephros, the mesonephros, 
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and the metanephros. These develop in a cranial-to- 
caudal progression. The pronephros develops in the 
segmented mesoderm of the upper thoracic and cervi- 
cal regions of the fetus during the third week of fetal 
life. The pronephros is a transient structure with no 
adult correlate. However, its development is crucial for 
induction of the next major phase of kidney develop- 
ment: differentiation of the mesonephros into the 
mesonephric duct. The mesonephros, which arises 
caudal to the pronephros, forms in unsegmented neph- 
rogenic cord during the fourth to eighth week of fetal 
development, just as the pronephros is regressing. 
While the mesonephric duct forms the first functioning 
excretory duct of the fetus, it degenerates rapidly after 
the ninth week of gestation. Some segments of the 
mesonephric duct, also known as the wolffian duct, 
persist and develop into segments of the genital system. 
In men, the wolffian duct forms the efferent ductules of 
the testes, the epididymis, and the vas deferens. In 
women, the wolffian duct develops into the epoophoron 
and the paroophoron. During the fifth week of gesta- 
tion, the metanephros begins to develop into the defini- 
tive kidney. 

The metanephros develops from two separate cell 
lines, each with different potentials. These cell lines are 
the ureteric bud and the metanephric blastema. The 
ureteric bud develops as an outgrowth of the mesoneph- 
ric duct, proximal to the cloacal entry. The ureteric bud 
ultimately gives rise to the ureter, renal pelvis, calyces, 
and collecting tubules of the renal medulla. The meta- 
nephric blastema develops from the caudal portion of 
the nephrogenic cord and gives rise to the excretory 
part of the kidney. Development of the metanephric 
blastema into the excretory system must be induced 
by contact with the ureteric bud. Induction of the 
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BOX 2-1 Development of the Urinary Tract 


Pronephros Induces mesonephric differentiation 

Mesonephros Efferent ductules of testes, epoophoron, and 
paroophoron 

Metanephros Ureteric bud— Ureter, renal pelvis, and collecting 
tubules 


Metanephric blastema— Bowman capsule, 
proximal and distal convoluted tubules, loop of 
Henle, and stromal tissue 


metanephric blastema occurs after growth of the ure- 
teric bud and physical contact with the metanephric 
blastema. As the ureteric bud grows, the end approach- 
ing the metanephric blastema enlarges. This ampullary 
segment later gives rise to the renal pelvis, whereas the 
remainder of the ureteric bud will become the ureter. 
After the ampullary portion of the ureteric bud contacts 
the metanephric blastema, multiple divisions of this 
portion of the ureteric bud commence. Division of the 
ureteric bud is dichotomous but asynchronous, and this 
dividing process continues for 12 to 14 generations. 
Each generation of the ureteric bud invaginates deeper 
into the metanephric tissue. First- and second- 
generation divisions give rise to the major calyces, and 
the minor calyces arise from the third through fifth 
generations. All subsequent generations provide the 
basis for development of the collecting tubules. These 
tubules are radially arrayed around minor calyces, 
forming the renal pyramids. After final development, 
there should be 10 to 25 fully formed calyces. Divisions 
of the ureteric bud in the polar regions of the kidney 
temporarily lag behind development in the interpolar 
segment of the kidney. This divisional delay often 
results in the development of fewer and less completely 
divided compound calyces in the polar regions of each 
kidney. 

Metanephric blastema tissue forms a cap overlying 
the terminal ampullary segments of the ureteric bud. 
The metanephric blastema tissue is carried with the 
dividing and growing ureteric bud. Maturation of the 
blastema is induced by physical contact with the ure- 
teric bud. The metanephric blastema differentiates into 
the excretory system of the kidney. Differentiation of 
the metanephric blastema eventually leads to the devel- 
opment of Bowman capsule, the proximal and distal 
convoluted tubules, the loop of Henle, and supporting 
tissue of the renal parenchyma. Development of the 
glomerulus induces angiogenesis. The developing glom- 
erulus is supplied by branches of the renal artery and 
is connected to the developing convoluted tubules and 
the loop of Henle. The tubules come to communicate 
with the ampullary segment of the ureteric bud, allow- 
ing for excretion of urine into the collecting tubules. 
The metanephric blastema surrounding this developing 
excretory system differentiates into the interstitial sup- 
porting tissue of the renal parenchyma. Because the 
ureteric bud development is dominant in the embryol- 
ogy of the kidney, its branching pattern and induction 
of metanephric blastema define the renal lobe. A single 
renal lobe consists of a calyx, collecting ducts, and its 
overlying renal cortex. As they develop, these renal 


FIGURE 2-1 Fetal lobation. Coronal reconstructed computed 
tomography image show delicate indentations along the margin of the 
left kidney, typical of persistent fetal lobation. Note also the fat that 
extends from the upper renal sinus on the right to the perirenal fat 
(arrow); this is related to the junctional parenchymal defect, an 
anomaly due to partial fusion of embryonic parenchymal masses 
known as renunculi. 


lobes coalesce to form a normal kidney made up of 
approximately 14 renal lobes. In utero, renal lobar 
anatomy is evident as early as the fourth month of 
gestation. Renal maturation continues from birth to the 
age of 5. During maturation, cellular multiplication in 
the renal cortex continues and leads to loss of definition 
of gross lobar anatomy in most individuals. Persistent 
fetal lobation, an anomaly of kidney maturation, is seen 
in up to 5% of adult patients (Fig. 2-1). After the age of 
5, renal cellular multiplication is no longer possible. 
Renal hypertrophy can occur well into adulthood. 
Hypertrophy leads not to an increased number of glom- 
eruli, but rather to enlargement and increased capacity 
of the existing glomeruli. This enlargement can result 
in global or focal enlargement of the kidney, as is com- 
monly seen in patients after loss of substantial volumes 
of functioning renal tissue. The remaining kidney 
enlarges and increases its excretory capacity to com- 
pensate for the lost renal parenchyma. This is evident 
even in individuals in their 70s. In older individuals, 
however, the capacity for renal hypertrophy is less than 
in children. When focal, this can result in masslike 
areas of prominent, but normal renal parenchyma, 
known as a pseudotumor. This is sometimes seen in 
patients with focal areas of renal atrophy from reflux 
nephropathy, where the mass effect of the pseudotumor 
is enhanced by being adjacent to areas of scarred, atro- 
phic kidney (Fig. 2-2). The metanephros begins its 
development in the upper sacral region of the fetus. At 
birth, the kidneys lie in the upper lumbar region due 
to the differential migration of fetal tissues during gesta- 
tion. This apparent ascent of the kidney is actually due 
to the rapid longitudinal growth of the embryo in the 
lumbar and sacral regions caudal to the developing 
kidney. This cephalic migration to the adult position 
occurs from the fourth to the eighth week of gestation. 


42 Genitourinary Radiology: The Requisites 


Concomitant with the cephalic migration is a 90-degree 
medial rotation of the kidney about its longitudinal 
axis, which brings the ureteropelvic junction (UPJ) to 
a medial position in relation to the kidney. During 
ascent from the true pelvis, vascular supply to the 
kidneys comes from progressively higher branches off 
the aorta, and the inferior branches regress. The primi- 
tive kidney is originally supplied by lateral sacral 
branches of the aorta, but as it ascends to the adult 
position, it is supplied by progressively higher lateral 
branches from the aorta until it reaches its adult posi- 
tion. The renal artery then arises laterally from the 
aorta at approximately the level of the second lumbar 
vertebra. Although progressive ascent usually leads 
to regression of the inferior blood vessels, anoma- 
lous vessels are commonly seen supplying the kidney. 
In addition, failure of complete ascent leading to 


FIGURE 2-2 Renal pseudotumors with renal parenchymal injury. 
A and B, Axial unenhanced computed tomography images through 
the upper and lower aspects of the kidney and (C) a coronally 
reconstructed image show bulging areas of parenchyma in the left 
upper pole and the right lower pole. Note areas of marked 
parenchymal thinning, especially in the right kidney. A small 
calculus is present in the right kidney. The patient had a long 
history of urinary tract infections beginning as a young woman. 


A The masses proved to be normal, focally hypertrophic renal tissue. 


anomalous renal position, as seen with pelvic and 
horseshoe kidneys, is almost always associated with 
coexistent anomalous blood supply to the affected 
kidney, which reflects persistence of these inferior 
branches. 

Obviously, kidney development involves a complex 
sequence of developmental processes during gestation. 
It is interesting to note that successive development 
and maturation of the primitive excretory organs— 
the pronephros, mesonephros, and metanephros— 
recapitulate the complex evolution of excretory organs 
in species of varying levels of sophistication. A primitive 
pronephros is the excretory organ of primitive fish. The 
mesonephros is the excretory organ of more advanced 
fish and amphibians. The metanephros is the excretory 
organ of reptiles, birds, and mammals. Ontogeny may 
indeed recapitulate phylogeny. 
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BOX 2-2 Congenital Renal Abnormalities 


ABNORMALITIES OF NUMBER 
Agenesis 
Supernumerary 


ABNORMALITIES OF POSITION 


Nonrotation 

Malrotation 

Ectopia 
Underascent 
Overascent 


ABNORMALITIES OF FUSION 


Horseshoe kidney 
Crossed fused ectopia 


ABNORMALITIES OF VASCULATURE 


Anomalous renal arteries 
Anomalous renal veins 


ABNORMALITIES OF RENAL STRUCTURE 
Persistent fetal lobation 
Renal pseudotumors 
Columns of Bertin 
Hilar lip 
Dromedary hump 
Renal duplication 
Congenital cystic disease 
Multicystie dysplastic kidney 
e Pelvoinfundibular type 
e Hydronephrotic type 
Autosomal recessive polycystic kidney disease 
e Perinatal 
e Neonatal 
e Infantile 
e Juvenile 
Medullary sponge kidney 
Multilocular cystic renal tumor 
Calyceal diverticulum 
Congenital solid masses 
Mesoblastic nephroma 
Nephroblastomatosis 


URETEROPELVIC JUNCTION OBSTRUCTION 


m= CLASSIFICATION OF CONGENITAL 
RENAL ABNORMALITIES 


It is helpful to classify congenital renal abnormalities 
as anomalies of (1) number, (2) position, (3) fusion, (4) 
vasculature, (5) structure, and (6) UPJ obstruction. 
Abnormalities in each of these categories are outlined 
in Box 2-2. 


Abnormalities of Number 


Renal Agenesis 

Renal agenesis results from failure of the ureteric bud 
to reach the metanephric blastema because the ureteric 
bud fails to form or degenerates prematurely. In either 
case, the induction of differentiation in the metaneph- 
ric blastema does not occur. Associated ureteral abnor- 
malities are universally present (Box 2-3). These include 
absence of the ipsilateral ureter and its associated 
hemitrigone, or presence of a blind-ending ureteral 


BOX 2-3 Abnormalities Commonly Present with 
Renal Agenesis 


Absence of ipsilateral ureter 

Absence of ipsilateral hemitrigone 

Absence of ipsilateral vas deferens 

Absence of ipsilateral seminal vesicle or cyst 

Uterine anomalies 

Abnormal bowel gas pattern 

Disk-shaped adrenal gland (adrenal gland absent in 10% of 
patients) 


FIGURE 2-3 Renal agenesis, with absence of seminal vesicle.]A,]An 
unenhanced computed tomography image obtained for left flank 
pain reveals a stone in the left kidney, and the kidney is enlarged 
(compensatory hypertrophy). The right kidney is absent (agenetic). 
B, Axial image through the pelvis shows absence of the right seminal 
vesicle (arrow). This father of three children was heretofore unaware 
of his condition. 


stump, a remnant of the incompletely developed ure- 
teral bud. In 20% of the male individuals with renal 
agenesis, there is absence of the ipsilateral epididymis, 
vas deferens, or seminal vesicle, or presence of an asso- 
ciated ipsilateral seminal vesicle cyst (Fig. 2-3). In 70% 
of women with unilateral renal agenesis, associated 
genital anomalies are present (Fig. 2-4). These include 
absence or atresia of the uterus or vagina, a unicornu- 
ate uterus with absence or atresia of the vagina and 
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Renal agenesis with uterine anomaly.|A,JAn enhanced 
computed tomography image through the upper abdomen reveals 
right renal agenesis and left renal compensatory hypertrophy. B, An 
image through the anatomic pelvis shows two apparent uterine horns 
in this patient with a bicornuate uterus. 


ovary, or duplication anomalies of the genital tract. 
These complex miillerian duct anomalies are consid- 
ered part of the Mayer-Rokitansky-Kiister-Hauser 
syndrome. Absence of the ipsilateral adrenal gland is 
associated with renal agenesis in 10% of patients. In the 
remaining patients, the adrenal gland is present, but it 
often has a disklike shape (Fig. 2-5). Whereas renal 
agenesis can be definitively diagnosed with ultrasound 
(US), computed tomography (CT), magnetic resonance 
imaging (MRI), or radionuclide renography, congenital 
absence of the kidney from the normal renal fossa may 
be suggested on plain radiographs of the abdomen. With 
absence of one kidney, bowel (duodenum or colon on 
the right and colon on the left) may fall into the empty 
renal fossa. With absence of the left kidney, the descend- 
ing colon may course medially with respect to the distal 
transverse colon resulting in a looped configuration of 
the splenic flexure (Box 2-4). These findings may also 
be seen on cross-sectional imaging (Fig. 2-6). 

Renal agenesis occurs in one in 1000 live births. 
Seventy-five percent of patients with renal agenesis are 
male. Bilateral involvement is rare, occurring approxi- 
mately once in every 3000 live births. Bilateral renal 
agenesis is incompatible with life. With bilateral renal 
agenesis, intrauterine growth does occur because the 
placenta serves as the excretory organ for the fetus. As 
no urine is excreted, there is associated oligohy- 


Disk-shaped adrenal with renal agenesis. Axial com- 
puted tomography shows the normal wishbone shape of the right 
adrenal gland, and the flattened, single limb of the left adrenal gland 
(arrow) in the absence of the left kidney from the renal fossa. 


BOX 2-4 Causes of Unilateral Absent Kidney 
Opacification in Renal Fossa 


COMMON 

Previous nephrectomy 
Renal agenesis 

Renal ectopia 


UNCOMMON 


Renal artery occlusion 

Renal vein occlusion 

Ureteral obstruction 

Pyonephrosis 

Pyelonephritis 
Xanthogranulomatous pyelonephritis 


RARE 


Multicystie dysplastic kidney 
Tumor infiltration of kidney 


dramnios. This causes pulmonary hypoplasia and facial 
abnormalities, which are features of the well-known 
Potter syndrome (Fig. 2-7). Potter syndrome includes a 
typical facial pattern with low-set ears, a broad flat 
nose, and prominent skin folds below the lower eyelids, 
coupled with pulmonary hypoplasia and development 
of pneumothoraces at birth. Unilateral renal agenesis 
may remain asymptomatic as long as the contralateral 
kidney functions normally. Usually the contralateral 
kidney becomes hypertrophied and appears enlarged 
(see Fig. 2-4), an expected development. With unilat- 
eral renal agenesis, congenital malformations in the 
remaining solitary kidney are common. If these abnor- 
malities impair renal function, then symptomatic renal 
insufficiency can develop. 


Supernumerary Kidney 

Very rarely, more than two discrete kidneys are present, 
probably due to the formation of two ureteral buds on 
one side. Usually, the supernumerary kidney occurs on 
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Abnormal splenic flexure pattern with left-sided renal 
agenesis.] A,| The colon has an abnormal looping pattern (arrows) as 
the bowel fills the left renal fossa with left-sided renal agenesis or 
ectopia. B and C, Axial computed tomography and coronal recon- 
struction in another patient with left renal agenesis show large bowel 
filling the renal fossa with medial displacement of the descending 
colon. 


the left side caudal to the normal kidney and is hypo- 
plastic. Supernumerary kidneys are of two basic types. 
In the first type, a bifid ureter also drains the second 
kidney on the ipsilateral side. In the second type, a 
separate ureter drains the supernumerary kidney and 
another ureter drains the second kidney on the ipsilat- 
eral side (Fig. 2-8). 


Abnormalities of Position 


Rotational Abnormalities 


Nonrotation and malrotation of the kidneys are not 
uncommon positional anomalies. Rotational anomalies 
occur when the kidney fails to rotate normally about 
its longitudinal axis during ascent. Nonrotation results 
in an anteriorly positioned UPJ. Some of the calyces 
will be located medial to the renal pelvis, a hallmark of 
rotational anomalies. Rarely, reverse or overrotation of 
the kidney may occur, resulting in a laterally or poste- 
riorly oriented UPJ (Fig 2-9). 


Renal Ectopia 

Renal ectopia describes arrest or exaggeration of the 
normal caudal-to-cranial ascent of the kidney. Under- 
ascent is far more common than overascent of the 
kidneys. Anomalous blood supply to the kidneys is vir- 
tually always associated with renal ectopia. Blood 
supply to an ectopic kidney is usually from adjacent 
vessels. For example, pelvic kidneys are supplied by 
branches directly from the iliac arteries or the lower 
abdominal aorta (Fig. 2-10). Renal ectopia may also be 
associated with anomalies of fusion or lateral crossed 
anomalies. Depending on the degree of ascent, low 
kidneys may lie in the true pelvis, in the iliac fossa 
opposite to the iliac crest, or in the lumbar region, 
above the iliac crest but below the L2 vertebral body. 
Ectopic kidneys are often associated with contralateral 
renal anomalies, including renal agenesis or ectopia of 
the contralateral kidney. Bilateral pelvic kidneys may 
fuse (Fig. 2-11). If the medial segments of the kidney 
fuse, the combined kidney mass forms a ringlike renal 
structure in the pelvis. This has been described as a 
discoid, lump, or pancake kidney. Either a single ureter 
or two separate ureters may be present to drain this 
mass of renal parenchyma. 

Pelvic kidneys occur in approximately one in 1000 
live births. There is a 3:2 male-to-female predomi- 
nance. Pelvic kidneys are usually asymptomatic, 
although they do seem to be less well protected from 
trauma than kidneys positioned normally in the retro- 
peritoneal upper lumbar region. Because urinary tract 
anomalies tend to be multiple, pelvic kidneys are also 
associated with an increased incidence of UPJ obstruc- 
tion, vesicoureteral reflux, and decreased function. The 
incidence of stone formation in ectopic kidneys may be 
higher due to stasis caused by the altered geometry 
of urinary drainage. Usually, pelvic kidneys are rela- 
tively small and are irregular in shape. They have 
variable degrees of rotation, extrarenal calyces, and 
multiple arteries supplying their parenchyma. Pelvic 
kidneys should not be expected to have the same radio- 
graphic appearance as a normally situated kidney 
(Fig. 2-12). 
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Findings seen in an infant with bilateral renal agenesis. [A,] Chest radiograph in a newborn with renal 
agenesis demonstrates pulmonary hypoplasia with a small thorax, a right pneumothorax, and diffuse opacification of 
the left lung. B, An aortogram in this infant demonstrates absence of the renal arteries due to bilateral renal agenesis. 
C, Sonogram of the renal fossa demonstrates absence of the kidney. The adrenal gland is in its normal position, but 


prominent and disk shaped (arrows). 


Overascent of the kidneys is quite uncommon. In 
this situation, one or both kidneys come to lie in a posi- 
tion cranial to the normal expected position of the 
kidney. The involved kidney is nearly always below the 
hemidiaphragm. However, its high position may lead to 
a focal eventration of the diaphragm overlying the 
kidney and may mimic a supradiaphragmatic renal 
position. The high intra-abdominal kidney has been 
described as a thoracic kidney (Fig. 2-13). 


Abnormalities of Renal Fusion 


Horseshoe Kidneys 

The horseshoe kidney is the most common renal fusion 
anomaly, occurring in one in every 400 live births (Box 
2-5). There is a 2:1 male-to-female predominance in 


BOX 2-5 Radiographic Abnormalities of 
Horseshoe Kidney 


Renal nonrotation 
Lower-pole fusion 

Low retroperitoneal position 
Renal vascular anomalies 


patients with horseshoe kidneys. Horseshoe kidneys 
develop after a midline connection forms between the 
two developing masses of renal tissue as a result of fetal 
contact of both metanephric collections. The midline 
connection, or isthmus, may consist of a fibrotic band 
(Fig. 2-14) or functioning renal parenchyma, repre- 
senting a fusion of the caudal poles of both kidneys 
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Supernumerary kidney. A, Axial image through the 
upper abdomen shows a kidney in each renal fossa. B, Axial image 
of the lower abdomen shows an extra kidney in the right side of the 
upper pelvis (arrow). 


Renal rotational anomalies. 
tomography image of the kidneys shows an anteriorly directed right 
renal hilum (nonrotation) and laterally directed left renal hilum 
(malrotation). 


Enhanced computed 


Presacral pelvic kidney. Axial computed tomography 
image through the anatomic pelvis shows the left kidney anterior to 
the sacrum and nestled between the common iliac arteries, both of 
which supplied arterial flow to this kidney. Note the anterior location 
of the renal hilum indicative of nonrotation. Multiple congenital 
urinary tract abnormalities often coexist with these kidneys. 


Pelvic lump kidney. On this enhanced computed 
tomography image through the pelvis, the bilateral pelvic kidneys are 
fused in the pelvis forming a lump, discoid, or pancake kidney 
(arrows). 


p) 


2-15 and 2-16). The horseshoe kidney is usually 
positioned low in ie abdomen due to arrest of normal 
ascent. Ascent of the horseshoe kidney is interrupted 
when the isthmus of the horseshoe kidney becomes 
hooked under the origin of the inferior mesenteric 
artery (see F 4). Numerous renal vascular anoma- 
lies associated with horseshoe kidneys are due to anom- 
alous development and incomplete ascent. The 
incidence of other urinary tract abnormalities is also 
increased in association with horseshoe kidney. These 
include UPJ obstruction, duplication anomalies of the 
collecting systems, and stone formation resulting from 
the altered drainage of the kidney, which leads to urine 
stasis in the renal pelvis (Fig 7). In addition, owing 
to stasis, urinary tract a Aa and associated abnor- 
malities, such as pyeloureteritis cystica and infection- 
based stones, occur more frequently with horseshoe 
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Pelvic kidney. This axial, enhanced computed tomog- 
raphy image through the pelvis shows the horizontal axis of this left 
pelvic kidney with two oddly positioned hila, indicating a rotational 
anomaly with duplication of the collecting system. 


Thoracic kidney.|A,] This bodygram of a 2-week-old 
infant shows an apparent mass in the left lower thorax (arrows). 
B, The computed tomography image through the lower thorax shows 
the characteristic appearance of the kidney as the source of the mass. 


Horseshoe kidney with fibrous isthmus. This com- 
puted tomography scan demonstrates a horseshoe kidney fused only 
by a thin band of fibrous tissue. Note the inferior mesenteric artery 
anterior to the band, which limits superior migration (arrow). 


Horseshoe kidney with isthmus of functional tissue. 
The axial computed tomography image shows a thick band of normal- 
appearing renal parenchyma spanning the midline above the aorta 
and the inferior vena cava. 


kidneys. An increased incidence of horseshoe kidney 
has been noted in association with anomalies in other 
organ systems, including the gastrointestinal tract, the 
cardiovascular system, and the musculoskeletal system. 
The presence of a horseshoe kidney is associated with 
a number of heritable conditions including Down 
syndrome, Turner syndrome, and Ellis-van Creveld 
syndrome. 


Crossed Fused Ectopic Kidney 


Crossed fused ectopic kidney is an uncommon congeni- 
tal renal abnormality in which one kidney crosses the 
midline and fuses with the opposite kidney. The fused 
kidneys are noted to lie on one side of the spine. The 
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Magnetic resonance urography (MRU) of a horseshoe 
kidney. This coronal MRU image demonstrates the low position of 
this horseshoe kidney, the abnormal renal axis due to medial fusion 
of the lower-pole renal parenchyma (arrows), and rotational anoma- 
lies in the collecting systems as indicated by calyces projecting 
medial to the main volume of the renal pelvis. 


ureters insert in their normal positions. Therefore the 
ureter from the crossed kidney extends across the 
midline to enter the bladder on the side opposite to that 
of the fused kidney (Fig. 2-18). There are many varia- 
tions in the pattern of renal parenchymal fusion. The 
resulting fused kidneys can be described as the usual 
pattern, S-shaped kidney, L-shaped kidney, disk kidney, 
and lump kidney. There are no specific pathologic pro- 
cesses associated with these variations of crossed fused 
ectopic kidney. Crossed fused ectopic kidney is more 
common in male patients than in female patients and 
the left kidney more commonly crosses the midline to 
lie on the right than vice versa. The crossed fused 
ectopic kidney is usually asymptomatic but has an 
increased susceptibility to the same complications as 
other ectopic kidneys. 


Abnormalities of Renal Vasculature 


As described earlier, the blood supply to the kidney 
changes during the complex series of stages of renal 
development, maturation, ascent, and rotation. Vascu- 
lar anomalies involving the kidneys are very common. 
Most often, kidneys with anomalous vasculature have 
multiple renal arteries instead of a classic single renal 
artery supplying each kidney. Accessory renal arteries 
occur in up to 25% of adults. The most common variety 
involves a second, diminutive renal artery supplying 
the lower pole of the kidney. However, the existence of 
two or more accessory renal arteries is not uncommon, 
or the renal parenchymal arterial supply may come 
from multiple renal arteries with no dominant vessel 
(Fig. 2-19). Supernumerary veins also are commonly 
found draining the kidney. These occur about half as 
commonly as supernumerary renal arteries. Supernu- 
merary renal veins are often retroaortic when present 
on the left. 

In any case, anomalies of renal vasculature are much 
more common in ectopic kidneys. Horseshoe kidneys 


Stones in a horseshoe kidney.|A jand B, Unenhanced 
axial computed tomography images through the lower poles and 
isthmus of a horseshoe kidney reveal calculi in the collecting systems 
of both renal moieties; these poorly drained portions of the collecting 
system are particularly prone to stasis complications, including stone 
development. Note the arterial trunk arising from the anterior aspect 
of the aorta supplying both kidneys (arrow) in A. 


almost always have an anomalous blood supply. Most 
anomalous renal vessels are without clinical conse- 
quence, although accessory arteries become significant 
in some common situations. These include surgical 
bypass or reconstruction of the abdominal aorta, renal 
parenchymal surgery, harvest of a kidney for donation, 
or repair of a UPJ obstruction. For surgery or endo- 
therapy on the infrarenal abdominal aorta, preoperative 
recognition of accessory renal arteries can help to avoid 
damage to or ligation of these accessory branches. The 
renal vessels are end arteries, and ligation or obstruc- 
tion of an accessory vessel leads to infarction of renal 
parenchyma. This may diminish overall renal function 
and may lead to hypertension because of oversecretion 
of renin by the ischemic renal parenchyma. When 
renal-sparing surgery is undertaken, prior knowledge of 
an anomalous renal blood supply can assist in avoiding 
inadvertent renal parenchymal damage during renal 
dissection. 

Knowledge of anomalous crossing vessels in prox- 
imity to the site of UPJ obstruction, present in 
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FIGURE 


2-18 Crossed fused renal ectopia. This computed tomogra- 
phy urogram image demonstrates the typical appearance of crossed 
fused ectopia. Both kidneys are fused together in the right side of the 
abdomen. The ureter draining the lower (left) kidney crosses the 
midline to enter the bladder in its normal position (arrows). 


approximately 50% of these patients, may influence 
therapeutic intervention. Current therapies for UPJ 
obstruction are open surgical or laparoscopic pyelo- 
plasty and endopyelotomy. Endopyelotomy procedures 
involve a blind, full-thickness, posterolateral incision of 
the ureteral wall at the site of obstruction, presumably 
away from the anticipated site of an associated vascular 
structure. Inadvertent laceration of an anomalous 
vessel could result in uncontrolled bleeding. Knowledge 
of the presence and position of an anomalous crossing 
vessel at the anticipated incision site would therefore 
favor a technique allowing for direct visualization. Pre- 
operative angiography utilizing CT or MR is the most 
useful technique in identification of potentially at-risk 
vascular structures (Fig. 2-20). 


Abnormalities in Structure 


Fetal Lobation 


Persistent fetal lobation can be identified in approxi- 
mately 5% of adult patients undergoing renal imaging. 
The number of lobes corresponds to the overall caly- 
ceal number and represents a vestige of the lobar 


FIGURE 2-19 Multiple renal arteries. An image from a renal com- 
puted tomography angiogram reveals a dominant left renal artery 
with smaller left lower-pole accessory artery (arrow), and three, 
approximately equal sized, right renal arteries (arrowheads). This 
study was performed in the course of evaluation for renal donation. 


development of the kidney. Lobar anatomy is evident 
at birth in all individuals, but with cellular multiplica- 
tion, lobar anatomy is usually obscured by the age of 4 
to 5. Persistent fetal lobation is of no clinical signifi- 
cance, except when it is mistaken for other parenchy- 
mal processes. With persistent fetal lobation, renal 
parenchymal thickness should be normal (214 mm) 
and the renal indentations should be smooth and 
regular (Fig. 2-21, also see Fig. 2-1). 

A key finding in identifying persistent fetal lobation 
is that the indentations occur so that calyces are cen- 
tered between indentations. This appearance is dis- 
tinctly different from that seen with other causes of 
renal contour irregularity. Reflux nephropathy com- 
monly causes indentations in the renal parenchyma. 
However, these indentations overlie subtending calyces 
and favor the polar regions. Similarly, papillary necrosis 
can lead to renal indentations, but these also overlie 
the necrotic renal papilla and its subtending calyx. 
Lobation can also be mimicked by multiple renal 
infarcts when interlobar vessels are involved. This is 
most commonly seen in patients with small-vessel 
disease, the prototype being chronic diabetics. In these 
patients, indentations in the renal parenchyma occur 
between calyces, but the overall renal parenchymal 
thickness is diminished by atrophy. 


Renal Tissue (Pseudo) Masses 


In several anomalies, prominent areas of normal renal 
tissue may lead to visible abnormalities with imaging 
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FIGURE 2-20 Ureteropelvic junction obstruction in a duplicated 
collecting system caused by accessory precaval right renal artery. 
[A,]In this patient with intermittent right flank pain, this urographic 
image reveals asymmetric dilatation of the lower calyces and renal 
pelvis in a duplicated right collecting system. B, The lower polar 
precaval right renal artery seen on the computed tomography angio- 
gram (note obscuration of the proximal right main renal artery by 
the inferior vena cava) was felt to be the proximate cause of the 
obstruction. The patient underwent laparoscopic pyeloplasty with 
ureteral relocation. 


studies. These include the septum of Bertin, hilar lips, 
the dromedary hump, and duplication anomalies. 


Septum of Bertin. The septum of Bertin, also known 
as acloison or cortical column, represents invagination 
of normal renal cortical tissue into the renal sinus with 
maintenance of a normal renal contour. This is nor- 
mally functioning tissue that usually occurs at the 
junction of the upper and middle thirds of the kid- 
ney. The septum averages 3.5 cm in diameter and is 
more common in the left kidney, but also occurs 
bilaterally in 60% of patients. In addition, a bifid renal 
pelvis or other duplication anomaly is commonly asso- 
ciated. Because the septum is a normally functioning 
renal tissue, the imaging appearance on any imaging 


FIGURE 2-21 Fetal lobation, ultrasound. [A] The longitudinal ultra- 
sound image of the right kidney using color Doppler imaging shows 
short, hyperechoic triangular extensions of perinephric fat into the 
marginal surface of the kidney (arrows). There is no distortion of 
the underlying vascular structures. B, The transverse image through 
the mid right kidney in the same patient shows similar findings. 


modality is the same as the surrounding renal paren- 
chyma. The opacified collecting system may exhibit 
separation and splaying of normal calyces around this 
invagination of cortical tissue. There is commonly a 
small, aberrant papilla subtending the cloison and 
draining into a longer major calyx or directly into the 
renal pelvis. The appearance of this subtending calyx 
has been described as the teat and udder sign. The 
septum of Bertin is conical, which is similar to that of 
an udder, from which the subtending calyx with its 
short infundibulum emerges, mimicking the appear- 
ance of a cow’s teat. In addition, splaying of surrounding 
calyces can be prominent. 

The septum of Bertin is a normal variant. However, 
it can mimic a pathologic mass on unenhanced imaging 
studies. Renal sonography with color Doppler imaging 
is a simple test that can be used to identify normal renal 
parenchyma with normal vascular flow as the cause 
of the mass effect and to exclude a pathologic mass 
(Fig. 2-22). Other available confirmatory tests for this 
purpose are radionuclide scanning, contrast-enhanced 
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FIGURE 2-22 Column of Bertin. [A] This longitudinal ultrasound 
image shows a parenchymal column protruding into the renal sinus 
of the right kidney at the upper and interpolar junction, a typical 
location. The echoarchitecture of the column is the same as the sur- 
rounding parenchyma. B, This image along a slightly different axis, 
using color Doppler imaging, shows normal vascular flow to the corti- 
cal column, confirming the normal parenchymal origin. 


CT, and MRI. All of these techniques will demonstrate 
normal functioning renal parenchyma in the area of 
mass effect when a septum of Bertin is present. 


Hilar Lips. Hilar lips are prominent collections of 
normal renal tissue that occur in areas of complex renal 
lobar fusion at the most medial aspect of the renal 
parenchyma surrounding the renal sinus. When promi- 
nent, the hilar lip can protrude into the sinus and may 
distort the polar calyces (Fig. 2-23). This more often 
occurs in the upper pole than in the lower pole and is 
more commonly seen in the left than in the right kidney. 
Hilar lips can mimic pathologic masses. Careful analysis 
of the imaging study should demonstrate a completely 
normal area of renal parenchyma, that is, normal con- 
trast enhancement, normal echogenicity, and normal 
functioning renal tissue. The margin of the hilar lips 
should be smoothly contoured without focal irregulari- 
ties or focal convex bulges. Confirmatory tests can be 
used if results of initial imaging studies are enigmatic. 
Renal sonography is usually satisfactory to evaluate the 
hilar region of both kidneys and to exclude a pathologic 
process. 


Dromedary Hump. Molding of the normal renal tissue 
by adjacent organs may create contour deformities of 
the kidney. In the left kidney, molding by the spleen 
may create a prominent lateral renal bulge referred to 
as a dromedary hump (Fig. 2-24). Less commonly a 
similar deformity may be seen in the right kidney due 
to presence of adjacent liver. As with other pseudo- 
masses created by normal renal tissue, the imaging 
signature should be the same as the surrounding paren- 
chyma. In the case of the dromedary hump, there 
should also be normal collecting system elements pro- 
viding drainage of the functional parenchyma. 


Duplication Anomalies. Duplication anomalies are 
defined by the presence of two or more pyelocalyceal 
elements. The spectrum of duplication anomalies 
extends from a bifid renal pelvis to a blind-ending, bifid 
ureter (Fig. 2-25). Between these extremes is the incom- 
plete ureteral duplication, complete duplication with a 
common entry into the bladder, and complete duplica- 
tion with ectopic termination of the upper-pole moiety. 
Duplication anomalies result from development of a 
second ureteric bud (complete duplication) or redun- 
dant duplication of the single ureteric bud. This is the 
single most common congenital urinary tract anomaly, 
as some form is present in 10% of the population. Dupli- 
cation anomalies are frequently bilateral. Ureteral 
duplications are discussed in depth in Chapter 5. It is 
important to know that duplication anomalies can lead 
to unusual configurations of the renal parenchyma. 
These include renal enlargement and prominent areas 
of normal renal parenchyma dividing the renal sinus 
into two separate pyelocalyceal components (Fig. 2-26). 
The appearance is often similar to that of a septum of 
Bertin. Duplication anomalies of the kidney seldom 
present a diagnostic dilemma. Discrete renal sinuses 
and duplication of the pyelocalyceal elements and 
ureters will be evident to indicate the etiology of these 
pseudomasses. 


Congenital Cystic Disease 


This diverse category of congenitally based abnormali- 
ties includes multicystic dysplastic kidney (MDK), auto- 
somal recessive polycystic kidney disease (ARPKD), 
medullary sponge kidney (MSK), multilocular cystic 
nephroma (CN), and the calyceal diverticulum. 


Multicystic Dysplastic Kidney. Although MDK is rare, 
with a unilateral incidence of approximately one in 
4300 live births, it is being encountered more frequently 
with routine use of prenatal US examinations. MDK is 
also one of the most common causes of an abdominal 
mass detected during infancy. Other common causes of 
unilateral abdominal masses in this age group are the 
hydronephrotic kidney, Wilms’ tumor, neuroblastoma, 
mesoblastic nephroma, adrenal hemorrhage, and renal 
vein thrombosis. 

The term “multicystic dysplastic kidney” encom- 
passes a spectrum of renal abnormalities, including the 
classic pelvoinfundibular type (Box 2-6) and the hydro- 
nephrotic type (Box 2-7) at the ends of the spectrum. 
MDK is thought to result from failure of the ureteral bud 
to induce adequate maturation of the metanephric 


The Kidney and Retroperitoneum 53 


FIGURE 2-23 Renal hilar lip. A, Nephrotomogram of the right kidney demonstrates a hilar lip extending from the 
upper pole of the kidney (arrowheads) and extending caudally. B, The pyelogram phase demonstrates a focal indenta- 
tion on the upper aspect of the renal pelvis (arrow) due to the adjacent hilar lip, another form of renal 
pseudotumor. 


FIGURE 2-24 Renal dromedary hump. This longitudinal ultrasound 
image shows a mound of tissue bulging the anterolateral margin of 
the left kidney; note the sinus fat centrally within the hump. The 
sonographic signature is that of normal parenchyma molded by the 
adjacent spleen. 


BOX 2-6 Pelvoinfundibular MDK: 


Radiographic Findings 


Randomly distributed cysts 
Noncommunicating cysts 
Absent renal function 
Atretic ureter 


MDK, Multicystic dysplastic kidney. 


FIGURE 2-25 Blind-ending, bifid ureter. This reconstructed image 
from a computed tomography urogram shows the blindly ending 
branch of a duplicated right ureter. This is the result of a late division 
of the ureteral bud after the metanephric blastema has left the 
station. Because this structure contains all portions of the ureteral 
wall, it is sometimes referred to as a true ureteral diverticulum. 
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FIGURE 2-26 Imaging findings that suggest the presence of a col- 
lecting system duplication anomaly.[A] This coronally reconstructed, 
enhanced computed tomography (CT) image reveals an enlarged left 
kidney (compared with the right) with two distinct islands of central 
renal sinus fat, separated by normally enhancing renal parenchyma. 
Each of these sinus regions surrounds a portion of the duplicated 
collecting system. An axial CT image between the separate sinus 
regions would lack any sinus structures and appear faceless. Note the 
changes of fetal lobation in the right kidney. B, This longitudinal 
ultrasound image of the right kidney shows similar findings, centrally. 
There are two separate and distinct sinus echo complexes separated 
by parenchyma of normal echoarchitecture. The appearance at 
sonography is likened to the Lone Ranger’s mask. 


BOX 2-7 Hydronephrotic MDK: 
Radiographic Findings 


Dominant cyst in the renal pelvis region 
Radially arrayed cysts may intereommunicate 
Minimal renal function possible 

Ureter occluded at the ureteropelvic junction 


MDK, Multicystic dysplastic kidney. 


blastema into nephrons in utero. In MDK the renal 
parenchyma is replaced with numerous simple cysts 
scattered throughout the kidney in place of normal 
renal parenchyma. Immature tissue elements such as 
cartilage and smooth muscle may develop in areas of 
dysplastic metanephric blastema. Although renal func- 
tion is usually absent in these kidneys, in a minority of 
patients there may be minimal residual functioning 


renal parenchyma, with urine excretion. MDK is rarely 
bilateral. The bilateral form is incompatible with life 
because renal function is severely impaired or absent. 

In the type of MDK, the renal 
parenchyma is replaced with multiple, noncommuni- 
cating cysts of variable size. These cysts occur with a 
random distribution throughout the kidney and do not 
intereommunicate. No residual functioning renal tissue 
is present. Where the renal pelvis would be expected, 
no dominant cystic structure exists. The pathologic and 
imaging appearance has been described as a bunch of 
grapes. An atretic ureter of variable length is usually 


present, reflecting incomplete formation of the ureteral 
bud. 

The{hydronephrotic form of MDK likely results from 
ureteral bud abnormalities that occur later in gestation 
than is seen in the pelvoinfundibular form of MDK. This 
can be thought of as a severe, in utero form of UPJ 
obstruction. In this form of MDK, a dominant cyst is 
seen in the expected location of the renal pelvis. Around 
this cyst are numerous other cysts, which may inter- 
communicate. These cysts lie in the expected location 
of the calyces. Minimal renal function may be present, 
but the great majority of the renal parenchyma is dys- 
plastic and nonfunctional. The ureter is occluded in the 
expected region of the UPJ. 

In any form, MDK is responsible for the formation of 
a benign mass that rarely becomes symptomatic. These 
kidneys typically remain unchanged in size or may 
regress over time, to the extent that the diagnosis of 
renal agenesis is suggested. There is no known increased 
risk of malignancy associated with MDK. Therefore 
lesions diagnosed as MDK need not be excised. If 
detected in an adult, dysplastic kidney tissue or cyst 
walls may calcify Rarely, MDK can be com- 
plicated by cyst infection or by hypertension. A key 
element in the evaluation of MDK is the assessment of 
the contralateral kidney. Because MDK results in a non- 
functioning kidney, exclusion of remediable lesions in 
the contralateral kidney is crucial. One third of patients 
with MDK will have contralateral renal abnormalities, 
including an increased risk of UPJ obstruction and the 
presence of vesicoureteral reflux. Early diagnosis of an 
abnormality in the functioning kidney can help to initi- 
ate treatment to avoid the development of irreversible 
renal insufficiency. 


Autosomal Recessive Polycystic Kidney Disease. 
ARPKD, also known as infantile polycystic kidney 
disease or Potter type I cystic disease, is a condition in 
which normal renal parenchyma is replaced to varying 
degrees by cystically dilated, nonfunctional tubular 
structures. Innumerable, radially oriented cysts, mea- 
suring from 1 to 8 mm in diameter, develop within the 
renal collecting ducts. Another element unique to 
ARPKD is the coexistence of hepatic disease. In some 
patients with ARPKD, periportal hepatic fibrosis devel- 
ops leading, in severe cases, to hepatic failure, portal 
hypertension, splenomegaly, and bleeding varices. The 
severity of hepatic disease in patients with ARPKD 
tends to be inversely related to the severity of renal 
disease. One classification system for describing the 
spectrum of disease in ARPKD subdivides this disorder 
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Multicystic dysplastic kidney discovered in an adult. 
Unenhanced |(A)]and enhanced (B) axial images through the renal 
beds reveal a calcified multicystic mass in the left renal fossa. There 
is no enhancement in the mass, and the vascular structures are 
diminutive. The dysplastic tissue of the MDK may lead to calcification 
of the remnant elements. In many cases the kidney involutes to the 
degree that renal agenesis is considered. 


into the following four categories: perinatal, neonatal, 
infantile, and juvenile. The perinatal variety is the most 
common form of ARPKD. In this form, more than 90% 
of normal renal collecting ducts are replaced by non- 
functional, cystically dilated tubules. In utero, the 
degree of renal functional impairment causes oligohy- 
dramnios, which in turn causes pulmonary hypoplasia 
(Box 2-8). The perinatal form of ARPKD leads to death 
in the perinatal period from pulmonary insufficiency. 
Autopsy studies demonstrate minimal or absence of 
periportal hepatic fibrosis in these patients. In the neo- 
natal form, small cysts replace approximately 60% of 
renal collecting tubules, and patients may also have 
mild, usually asymptomatic, periportal hepatic fibrosis. 
These patients present clinically during the first month 
of life with severe renal insufficiency, which generally 


BOX 2-8 Abnormalities with Autosomal Recessive 


Polycystic Kidney Disease 


Oligohydramnios 

Nephromegaly 

Hyperechoic kidneys 

Renal insufficiency inversely proportional to hepatic failure 


leads to death within a few months. Infantile ARPKD 
represents a form of the disease in which there is 
a balance between moderately severe renal disease 
and hepatic fibrosis. Infants with this form generally 
present clinically at the age of 3 to 6 months with renal 
insufficiency, nephromegaly, and hepatosplenomegaly. 
Without therapy, renal insufficiency usually leads to the 
patient’s demise during childhood. In juvenile ARPKD, 
hepatic disease predominates clinically. In this form, 
nonfunctional cysts replace fewer than 10% of the renal 
collecting tubules. Severe periportal fibrosis and the 
resulting hepatic insufficiency and portal hypertension 
are predominant. Patients with this form generally 
present during teenage with acute upper gastrointesti- 
nal bleeding from varices or with other signs of liver 
failure. Renal function is generally normal or only 
mildly impaired. Unless treated, this form causes death, 
usually during the second or third decade of life as a 
result of hepatic insufficiency and complications of 
portal hypertension. 

Imaging is the key element in the diagnosis of ARPKD. 
Because the disease is inherited in an autosomal reces- 
sive pattern, parents of these patients are inevitably 
asymptomatic and are frequently unaware that they 
are carriers of this disease. ARPKD may be diagnosed 
prenatally. Sonographic evaluation of the fetus demon- 
strates large, echogenic kidneys. Classically, oligohy- 
dramnios is detected. This combination of findings is 
virtually diagnostic of ARPKD. In neonates and infants 
with ARPKD, the kidneys also appear hyperechoic and 
enlarged with loss of normal corticomedullary differen- 
tiation at sonography. The increased echogenicity is 
due to the multitude of acoustic interfaces created by 
cyst development in the tubules, and a hypoechoic rim 
at the periphery of the kidney representing compressed 
cortical tissue may be seen. Although renal sonography 
may demonstrate mildly hyperechoic kidneys in normal 
infants, in ARPKD the kidneys also demonstrate enlarge- 
ment [Fig. 2-28). 

CT and urography of patients with ARPKD demon- 
strate nephromegaly with maintenance of the reniform 
shape of both kidneys. After the administration of intra- 
venous contrast material, a striated nephrogram is 
usually demonstrated. The striations result from nor- 
mally functioning, contrast-filled tubules adjacent to 
the cystically dilated, urine-filled nonfunctional tubules. 
This pattern is very characteristic of ARPKD. On 
imaging studies, gross simple renal cysts (macrocysts) 
are uncommonly present in younger patients with 
ARPKD but isolated cysts may be seen in older children. 
The rarity of this disorder helps to distinguish it 
from other polycystic kidney diseases. Later in life, 
findings of hepatic fibrosis will develop. These include 
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Autosomal recessive polycystic kidney disease 
(ARPKD) at ultrasound (US). Right |(A)}and left (B) longitudinal US 
images of the kidneys in a 2-week-old infant with renal failure and 
palpable abdominal masses reveal grossly enlarged (>9 cm vertical 
span), echogenic kidneys with loss of corticomedullary differentia- 
tion, typical of ARPKD. Note the peripheral hypoechoic regions 
(arrows) in both kidneys due to compression of the cortical tissue. 


hopur picnomecny and the development of varices 
(Fig. 2-29). 

Currently, hepatic fibrosis associated with ARPKD 
can be treated palliatively with portosystemic shunts. 
It can be cured only with liver transplantation. 


Medullary Sponge Kidney. MSK is also referred to 
as renal tubular ectasia. Nowadays, MSK is rather 
common; in the past, however, it was diagnosed on one 
of every 200 urograms. MSK results from idiopathic 
ectasia of renal ene tubules in one or more of the 
medullary pyramids (Fig. 2-30). 

MSK is unusual in that its involvement of the kidneys 
is variable. In some patients a single renal pyramid may 
be involved, yet in other patients all renal pyramids 
may show the changes. MSK usually has a benign clini- 
cal course and may remain asymptomatic. In most 
cases it is an incidental finding on imaging studies. The 
major complication associated with MSK is an increased 
incidence of nephrolithiasis. Stone formation in patients 
with MSK is thought to be due to urinary stasis within 
the cystically dilated distal tubules. Stasis can lead to 
precipitation of minerals from the normally supersatu- 
rated urine. These minerals can serve as the nidus for 
stone formation. In support of this theory is the fact 
that medullary nephrocalcinosis is commonly seen in 


Esophageal varices with the juvenile form of autoso- 
mal recessive polycystic kidney disease. This film from an upper 
gastrointestinal series demonstrates serpiginous filling defects in 
the esophagus (arrows). These represent esophageal varices in 
this patient. Hepatosplenomegaly is also present due to portal 
hypertension. 


Diagram of normal medulla and medullary sponge 
kidney (MSK). With MSK, focal areas of tubular dilatation are present 
within the renal medulla just peripheral to the subtending calyx. 


association with MSK. The nephrocalcinosis results 
from punctate calcifications within the ectatic tubules 
of the affected medullary pyramid. It is likely that some 
of these calcifications are passed into the calyces and 
serve as a nidus for nephrolithiasis. In any case patients 
with MSK have a much higher incidence of nephroli- 
thiasis than would be expected normally. Also of inter- 
est in MSK are several uncommon associations. A 
known association exists between MSK and hemihyper- 
trophy syndrome. With hemihypertrophy, there is 
enlargement of one entire side of the body. This includes 
unilateral renal enlargement, which is often associated 
with scoliosis and leg-length discrepancies. Hemihyper- 
trophy syndrome is also associated with an increased 
risk of several malignancies, including Wilms’ tumors 
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and pheochromocytomas. Caroli disease, a form of idio- 
pathic congenital intrahepatic biliary duct dilatation, 
and Ehlers-Danlos syndrome are other conditions 
known to be associated with MSK. 

At imaging, MSK can be recognized after the injec- 
tion of intravenous contrast material. Focal cylindrical 
or saccular collections of contrast material are noted 
in the renal medulla adjacent to a calyx. A single 
renal pyramid may be involved. The adjacent calyx is 
normal. Another finding that is often present in patients 
with MSK is medullary nephrocalcinosis. These calci- 
fications, visible on the noncontrast imaging such as 
a standard radiograph of the kidney-ureter-bladder 
(KUB) or CT stone study, are present within the cysti- 
cally dilated collecting tubules. After contrast material 
administration, the excreted iodinated contrast mate- 
rial opacifies the dilated tubules and obscures the cal- 
cifications. At imaging, the stones may appear to enlarge 
and this is referred to as the growing calculus sign. This 
sign is diagnostic of MSK (Fig. 2-31). 

Many radiologists prefer to reserve the diagnosis of 
MSK for patients who harbor medullary nephrocalcino- 
sis or have a history of recurrent nephrolithiasis in 
association with cystically dilated distal collecting 
tubules seen at imaging. Patients who demonstrate the 
eystically dilated renal tubules as the only evidence of 
MSK are often classified as having renal tubular ectasia, 
a less ominous-sounding label. 

Other considerations in the differential diagnosis for 
the radiographic appearance of MSK include papillary 
blush, papillary necrosis, and other causes of medullary 
nephrocalcinosis. Renal papillary blush, commonly 
seen in normal individuals undergoing imaging with 
low-osmolar contrast agents, refers to hyperconcentra- 
tion of iodinated contrast material in the distal portion 
of the collecting tubules. Papillary blush can be distin- 
guished from MSK in that medullary nephrocalcinosis 
is absent, and the opacification pattern is different. In 
MSK, discreet cylindrical or saccular collections of con- 
trast material are seen in the renal papilla adjacent to 
a normal calyx. With papillary blush, discrete collec- 
tions of contrast material are absent. Rather, there is 
homogeneous opacification of the entire papilla. Papil- 
lary necrosis can also lead to punctate pools of contrast 
material in the renal medulla. However, these pools 
freely communicate with the subtending calyx and the 
associated calyx does not appear normal, but demon- 
strates changes in papillary necrosis (Fig. 2-32). In 
addition, on retrograde pyelography, medullary cavities 
resulting from papillary necrosis fill with contrast mate- 
rial, whereas the cavities presenting with MSK do not 
opacify during retrograde pyelography under normal 
circumstances (see Fig. 2-31). Other causes of medul- 
lary nephrocalcinosis and their clinical characteristics 
are discussed in Chapter 4. 


Multilocular Cystic Renal Tumor. Multilocular cystic 
renal tumor is the name applied to two histologically 
distinct lesions that are indistinguishable on clinical or 
imaging findings. Cystic nephroma (CN) is primarily a 
cystic mass with multiple internal septations composed 
entirely of differentiated tissue. The cystic partially 


differentiated nephroblastoma (CPDN) is also multi- 
loculated, but the septa contain foci of blastemal 
cells. The presence of the blastemal elements in CPDN 
renders this lesion potentially more aggressive. These 
lesions have a bimodal age distribution. Approximately 
two thirds of the cases occur in children between 3 
months and 2 years of age with a 2:1 male predomi- 
nance. The remaining tumors occur in patients over the 
age of 30 with an 8:1 female predominance. 

The lesions generally present as abdominal masses, 
and they are often incidentally detected. CN and CPDN 
are radiologically indistinguishable and appear as a 
well-circumscribed renal mass with a thick pseudocap- 
sule. The mass is composed of multiple cysts of varying 
sizes separated by septa. The septa may enhance 
after administration of contrast material. Mural or 
septal calcifications are occasionally seen but internal 
hemorrhage is rare. A radiographic finding commonly 
associated with the multilocular cystic renal tumor is 
herniation of this parenchymal mass into the renal 
pelvis (Fig. 2-33). Although this finding strongly sug- 
gests this entity, it is not diagnostic. Other differential 
diagnostic considerations with similar imaging findings 
include cystic Wilms’ tumor, cystic variants of meso- 
blastic nephroma, cystic renal cell carcinoma, segmen- 
tal MDK, and renal abscess and other rare inflammatory 
renal diseases such as echinococcosis, segmental 
xanthogranulomatous pyelonephritis, and renal mala- 
coplakia. Definitive diagnosis may not be possible pre- 
operatively but surgical removal is curative. 


Calyceal Diverticulum. Also known as a pyelogenic 
cyst, the calyceal diverticulum is an intraparenchymal 
cavity lined by transitional epithelium, which commu- 
nicates with the renal collecting system. Calyceal diver- 
ticula were detected on three to four of every 1000 
urograms. Numerous calyceal diverticula are some- 
times seen in patients with the Beckwith-Wiedemann 
syndrome. Calyceal diverticula are thought to result 
from failure of an ampullary branch of the ureteric bud 
to induce nephron development in the overlying renal 
parenchyma. Although these outpouchings communi- 
cate with elements of the collecting system, they are 
not directly draining renal collecting ducts. Three types 
of calyceal diverticula have been described based on 
the location of their origin from the collecting system 
(Box 2-9 and Fig. 2-34). Type I, by far the most common, 
is a diverticulum directly connected to a calyx, often at 
the fornix. Type II diverticula communicate with a 
major calyx or infundibulum, more centrally in the col- 
lecting system. Type III calyceal diverticula, the least 
common type, communicate directly with the renal 
pelvis. This type of diverticulum is centrally located, 
tends to be larger, and is more likely to be symptomatic 


BOX 2-9 Classification of Calyceal Diverticulum 


Type I arises from minor calyx 
Type II arises from calyceal infundibulum 
Type III arises from renal pelvis 
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FIGURE 2-31 Medullary sponge kidney n Pee Unenhanced computed tomography (CT) images reveal 
stones in the papillary regions of both kidneys.[C_and D, Ẹxcretory-phase images at the same levels reveal that the 
stones are contained within dilated tubules within the papillary tips, now opacified with contrast material. E, An image 
of the right kidney obtained after the enhanced CT examination reveals dilated tubules in multiple papilla (arrows). 


F, A retrograde pyelographic image obtained at the time of stone manipulation shows no filling of the papillary tip 
cavities with retrograde contrast material injection, typical of MSK. 
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FIGURE 2-32 Papillary necrosis. This computed tomography 
urogram reveals multiple sites of calyceal distortion, and filling of 
small and large papillary cavities from papillary necrosis. The smaller 
cavities, peripheral to the calyces (arrows), give a ball-on-tee 
appearance. 


from stasis-related complications than the other 
types. All types of calyceal diverticula are smooth- 
walled outpouchings, which fill with excreted contrast 
material somewhat later in an imaging sequence than 
do the normal calyces. Calyceal diverticula tend to have 
narrow necks communicating with the normal collect- 
ing system. This leads to urinary stasis, which in turn 
leads to complications of stone formation and infection, 
the most common reasons for symptomatic presenta- 
tion. At imaging, calyceal diverticula appear as rounded, 
smooth-walled, urine-filled outpouchings of the collect- 
ing system (Fig. 2-35). The most common type of diver- 
ticula, those arising directly from a calyx, is located 
peripherally near the corticomedullary junction. Diver- 
ticula should be differentiated from a hydrocalyx that 
develops proximal to a narrowing in the collecting 
system, resulting in focal dilatation. A hydrocalyx tends 
to have a squared-off contour, distinctly different from 
the appearance of a calyceal diverticulum, and it is 
located in a normal calyceal position. 


Mesoblastic Nephroma 


Mesoblastic nephroma is the most common renal neo- 
plasm of infancy with the majority occurring in the first 
6 months of life; its incidence is still quite rare. Origi- 
nally described as a leiomyoma-like tumor, the tumor 
is now thought to represent a spectrum, ranging from 
a classic benign lesion to a more aggressive cellular 
variant. These tumors are nonencapsulated and infil- 
trate the renal parenchyma. The typical lesion is solid 
and the cut surface has the appearance of a uterine 
leiomyoma. Cellular variants may show heterogeneous 
internal architecture and they have a tendency to 
invade the perinephric fat while sparing the renal pelvis 
and vascular pedicle. 

The etiology of these tumors is unknown, but one 
hypothesis suggests that they develop from a line of 
metanephric cells that have lost their potential for 
divergent differentiation. The imaging appearance is 
dependent on tumor type with the classic lesion appear- 
ing as a predominantly solid mass, whereas the cellular 


FIGURE 2-33 Cystic nephroma. Unenhanced enhanced (B), 
and delayed-phase (C) imaging shows a multiloculated right renal 
mass with enhancing septations. On the delayed-phase image, note 
the extension of the mass into the right renal pelvis, where it is sur- 
rounded by excreted contrast material. This finding is often associ- 
ated with this type of tumor. 
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Classification of calyceal diverticula. This diagram 
illustrates the three types of calyceal diverticula. Type I (1) arises 
directly from a minor calyx. Type II (2) arises from an infundibulum 
draining a calyx. Type III (3) arises directly from the renal pelvis. 


variant may appear largely cystic. These tumors are 
almost always diagnosed in children under the age of 
2 years. 

The radiologic appearance, in accordance with 
patient’s age, may suggest the diagnosis. Unfortunately, 
these lesions have an appearance similar to that of most 
solid renal masses that occur in this age group and the 
differential diagnosis includes Wilms’ tumor, clear-cell 
carcinoma, rhabdoid tumors, neuroblastoma, and mul- 
tilocular cystic renal tumor. Although radical nephrec- 
tomy with clear margins is curative, it is necessary for 
definitive pathologic diagnosis. 


Nephroblastomatosis 


Nephroblastomatosis (a term that should not be con- 
fused with nephroblastoma, another term for Wilms’ 
tumor) is a disease in which multiple sites of primitive 
renal tissue are intermingled with normal renal paren- 
chyma. Primitive metanephric blastema tissue can nor- 
mally be present until 36 weeks of gestation. After this 
period, the presence of these embryonal cells, also 
known as nephrogenic rests, is abnormal. Severe forms 
of nephroblastomatosis lead to marked renal enlarge- 
ment, with multifocal areas of persistent nephrogenic 
tissue. These may be detected with US, contrast- 
enhanced CT |(Fig. 2-36)} or MRI. The collections of 
primitive renal tissue can also cause mass effect with 
calyceal distortion. 

The major significance of nephroblastomatosis 
lies in its association with an increased risk of devel- 
oping Wilms’ tumors. Wilms’ tumors often contain 
primitive blastema elements. Nephrogenic rests are 
found in up to 25% to 40% of kidneys harboring Wilms’ 
tumors. Patients with nephroblastomatosis also have a 


Type II calyceal diverticulum (pyelogenic cyst) with 
stones. Unenhanced (A), nephrographic (B), and delayed-phase 
(C) images reveal dependent stones in a fluid-containing structure 
located centrally in the right kidney (arrow in A). The structure 
remains unopacified on nephrographic phase imaging, and is only 
partially filled on the delayed-phase image. The temporal delay in 
contrast opacification of the diverticulum occurs because it must fill 
from the collecting system. 
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FIGURE 2-36 Nephroblastomatosis. This contrast-infused computed tomography demonstrates multifocal subeapsu- 
lar areas of low attenuation in this child. Open biopsy of these lesions demonstrated nephroblastomatosis. This 
radiographic pattern in a young child is very suggestive of nephroblastomatosis. In adults, this pattern would be more 


typical of renal metastases. 


considerably increased risk of formation of multiple 
and bilateral Wilms’ tumors. The deposits of primitive 
renal tissue are usually dispersed in predominantly sub- 
capsular locations within the kidney. These rare lesions 
should be suspected in young patients with renal 
enlargement and imaging evidence of multiple renal 
masses or in any condition known to be associated with 
development of Wilms’ tumor. 


== URETEROPELVIC JUNCTION 
OBSTRUCTION 


The UPJ is the most common site of congenital obstruc- 
tion of the urinary tract. Its cause is unclear, and the 
stricture has been attributed to inherent abnormalities 
in ureteral bud development, in utero ischemia, aber- 
rant crossing vessels, and fibrous bands compressing 
the ureteric bud. In all cases there is excessive collagen 
tissue in the affected portion of the ureter leading to an 
adynamic segment, resulting in hydronephrosis and 
renal pelvic distension. In severe cases function of the 
kidney is profoundly impaired and minimal renal cortex 
exists. Early diagnosis is important for preserving func- 
tional renal mass and detecting significant associated 
anomalies. UPJ obstruction occurs bilaterally in 20% of 
patients. In addition, other congenital urinary tract 
anomalies may be associated, most notably contralat- 
eral MDK, contralateral renal agenesis, ureteral duplica- 
tion, and vesicoureteral reflux. 

UPJ obstruction can be diagnosed with any imaging 
modality. Imaging studies demonstrate hydronephrosis 
(Fig. 2-37). The focal narrowing at the UPJ can be dem- 
onstrated with either urography or retrograde uretero- 
pyelography (see Fig. 2-37). With longstanding disease, 
the renal pelvis is markedly dilated and may appear 
redundant. The ureter may appear to arise eccentri- 
cally from the dilated pelvis. This is sometimes described 
as a balloon-on-a-string appearance. When abrupt angu- 
lation at the UPJ is noted, the presence of an aberrant 
crossing vessel in association with the obstruction 
should be suspected. In such cases preoperative vascu- 
lar imaging can be performed with CT angiography 
(see Fig. 2-20) or MR angiography as laparoscopic or 
open surgical pyeloplasty may be favored over endo- 
scopic techniques for treatment of the obstruction to 


BOX 2-10 Organs Within Each Retroperitoneal 
Space 


ANTERIOR PARARENAL SPACE 


Pancreas 
Retroperitoneal colon 
Duodenum 


POSTERIOR PARARENAL SPACE 
None 


PERIRENAL SPACE 

Kidney 

Collecting system 

Renal and perirenal vasculature 
Renal and perirenal lymphatics 
Adrenal gland 


avoid inadvertent vascular injury. Both of these imaging 
techniques appear to be acceptable for demonstrating 
crossing arteries of significant size. 


== NORMAL ANATOMY OF 
THE RETROPERITONEUM 


The anatomy of the retroperitoneum is somewhat 
complex. However, a basic knowledge of retroperitoneal 
anatomy is important for understanding pathways of 
disease spread, which often involve the urinary tract. 
The retroperitoneal space is bounded anteriorly by 
the posterior parietal peritoneum (Fig. 2-38). The pos- 
terior border of the retroperitoneal space is the trans- 
versalis fascia. The superior extent of the retroperitoneum 
is the diaphragm, and the space extends inferiorly to 
the pelvis. Three discrete retroperitoneal compart- 
ments demarcated by well-defined fascial planes make 
up the retroperitoneal space (Box 2-10). These include 
the perirenal space, the anterior pararenal space, and 
the posterior pararenal space. Some authorities include 
a distinct fourth compartment encompassing the aorta, 
the inferior vena cava, and the tissues immediately sur- 
rounding these vessels. This compartment is called the 
retroperitoneal vascular compartment. 


62 Genitourinary Radiology: The Requisites 


C 


Ureteropelvic junction obstruction in a young man 
with intermittent left flank pain. Unenhanced axial (0 coronally 
reconstructed (B) computed tomography images reveal marked dila- 
tation of the calyces and pelvis of the left kidney, with associated 
renal parenchymal atrophy. C, Left retrograde ureteropyelogram 
shows focal narrowing of the left ureteropelvic junction, with a jet of 
contrast entering the dilated renal pelvis from the ureter (arrows). 


BOX 2-11 Divisions of the Perirenal Fascia 


ANTERIOR LAYER 


Gerota fascia 
Fascia of Toldt 


POSTERIOR LAYER 
Zuckerkandl fascia 


LATERAL JUNCTION 
Lateroconal fascia 


Gerota fascia is the term frequently used to describe 
both the anterior and the posterior limbs of the renal 
fascia surrounding the kidney and perinephric fat (Box 
2-11). The fascial nomenclature is sometimes subdi- 
vided into a posterior layer originally described by 
Zuckerkandl and the anterior layer of Gerota fascia. In 
this text, Gerota fascia is the term used to describe the 
entirety of the surrounding renal fascia. Where the 
anterior and posterior layers of the renal fascia fuse 
laterally, the perirenal space appears triangular as seen 
on cross-sectional imaging studies. The fascia in this 
area is described as the lateroconal fascia, and it con- 
tinues anterolaterally behind the colon to blend with 
the parietal peritoneum. 

The perinephric space is surrounded by Gerota 
fascia. Gerota fascia is a dense collection of connective 
tissue, normally less than 2 mm thick. It surrounds the 
kidneys, the adrenal gland, the renal hilum including 
the renal vessels and the proximal collecting system, 
and the perinephric fat. Throughout the perinephric 
fat, bridging septa further compartmentalize the peri- 
nephric space. These perinephric septa, also known as 
Kunin septa in recognition of the first researcher to 
describe their appearance on CT, are normally visible 
with high-resolution CT in patients with adequate peri- 
nephric fat. The septa appear as fibrous bands within 
the perinephric fat. Perinephric septa may become 
thickened in response to a variety of pathologic pro- 
cesses, including ureteral obstruction, renal infection, 
renal vein thrombosis, renal tumors, and perinephric 
fluid collections. Thickened perinephric septa have 
been described as perinephric cobwebs or perinephric 
stranding (Fig. 2-39). 

The simplest of the three retroperitoneal compart- 
ments is the posterior pararenal space. This space is 
situated between the posterior limb of the renal fascia 
and its extension, the lateroconal fascia, anteriorly, and 
the transversalis fascia posteriorly. It continues exter- 
nal to the lateroconal fascia as the properitoneal fat of 
the abdominal wall. The space contains no organs and 
only a moderate amount of fat. 

The anterior pararenal space is bordered posteriorly 
by the anterior limb of Gerota fascia and anteriorly by 
the posterior parietal peritoneum. This space contains 
the extraperitoneal portions of the alimentary tract, 
including the pancreas, the duodenal loop, and the 
ascending and descending colons (Fig. 2-40). 

The retroperitoneal spaces extend superiorly and 
inferiorly. The superior extent of the perirenal space is 
contiguous with the bare areas of the liver and spleen. 


The Kidney and Retroperitoneum 


63 


‘Anterior pararenal space _. 


:Anterior pararenal space :_ 


— `| Posterior pararenal space = | . 


2 inv 4 = Posterior pararenalspace- ... 


FIGURE 2-38 Diagrams illustrating retroperitoneal anatomy from (A) an axial orientation, and (B) a sagittal view. 
The kidneys (K) are within the perinephric space, which communicates across the midline adjacent to the vena cava 
and the aorta. The anterior pararenal space contains the pancreas (P) and the retroperitoneal portions of the colon 


(C) and duodenum (D). The posterior pararenal space is a potential space containing no organs. 


FIGURE 2-39 Perinephric space anatomy. On this unenhanced 
computed tomography image, obtained for flank pain following extra- 
corporeal shock wave lithotripsy, high-attenuation fluid deforms the 
lower-attenuation renal parenchyma within the renal capsule, con- 
sistent with a subcapsular hematoma (asterisk). Note the stone 
located centrally in the kidney. The anterior limb of Gerota fascia is 
thickened (arrows). There is perinephric fluid, posteriorly (arrow- 
head), and perinephric (Kunin) septa are thickened within the peri- 
nephric fat anterior to the kidney. 


The perirenal space may also communicate with the 
mediastinum through diaphragmatic perforations, lym- 
phatics, or splanchnic foramina. The perirenal space 
extends inferomedially and forms a cone shape. Inferi- 
orly, the perirenal space melds and communicates with 
the periureteric connective tissues. In some patients 
the perirenal fascia is patent inferiorly and communi- 
cates with the extraperitoneal pelvic compartments. 
Fluids can spread between the three compartments in 
some patients. In most patients the perirenal spaces 
appear to have the potential for intereommunication 
across the midline. This type of communication has 
been cited as the reason for demonstration of blood in 
the perirenal space when there is bleeding from the 
abdominal aorta (Fig. 2-41). In other patients, such 
bleeding is limited to the periaortic region, and there 
appears to be a lack of open communication with the 
perirenal space. This remains an area of controversy in 
descriptions of the retroperitoneal spaces. 

Inferiorly, the anterior and posterior pararenal 
spaces intereommunicate caudally to the lower aspect 
of the perirenal fascia. This allows for free communica- 
tion of the pararenal spaces with the prevesical space 
and other pelvic extraperitoneal compartments. 

Knowledge of the retroperitoneal spaces and their 
contents can help in analyzing the source of retroperi- 
toneal pathology and fluid collections. Perirenal fluid 
collections are usually due to renal bleeding, extravasa- 
tion of urine (Fig. 2-42), or extension of bleeding from 
the aorta. Urine extravasation causes lipolysis and 
induces encapsulation of the urinoma. Thus over time, 
urinomas assume a saccular configuration. The shape 
of the urinoma usually reflects the shape of the 
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B C] Fluid 


Fluid in the anterior pararenal space from pancreati- 
tis} A,JOn this enhanced axial computed tomography image, fluid is 
present in the anterior pararenal space, bilaterally. Note the thicken- 
ing and enhancement of Gerota fascia that defines the posterior limit 
of the anterior pararenal compartment. The anterior pararenal fluid 
extends laterally around the kidney, separating the limbs of the fascia 
(arrows). B, Diagram of the anterior pararenal space process splitting 
the limbs of Gerota fascia, as seen in the left in A. P-pancreas, shaded 
area-fluid, K-kidney, C-colon. 


perirenal space. Some urinomas circumferentially sur- 
round the kidney. 

Key features of perirenal space pathologic processes 
are the following: perirenal infections usually arise from 
the kidney; chronic urinomas are usually conical within 
the perirenal space; renal cell carcinoma, lymphoma 
(Fig. 2-43), and melanoma are the most common causes 
of solid masses; amyloid and fibrosis tend to form a rind 
enveloping the kidney; a diaphragmatic pseudotumor 
can occur and it is the only cause of a solid, linear lesion 
in the perirenal space. 

Fluid in the anterior pararenal space is often due to 
pancreatitis. When present in the left anterior parare- 
nal space, it usually results from inflammation of the 
pancreatic tail. Fluid in the right anterior pararenal 
space is usually due to pancreatitis involving the head 
of the pancreas or from leakage of fluid from the duo- 
denum. When extensive, particularly when associated 
with the proteolytic enzymes seen with pancreatitis, 
fluid in the anterior pararenal space can dissect into 
the potential space formed between the two major 


Distribution of blood with ruptured abdominal aortic 
aneurysm. This unenhanced computed tomography examination per- 
formed for flank pain reveals rupture of an abdominal aortic aneu- 
rysm. In addition to blood dissection into the left anterior pararenal 
space and Gerota fascia, there is accumulating blood in the medial 
aspect of the left perirenal space (arrow), implying central 
communication. 


Perirenal urine extravasation. An enhanced, delayed- 
phase axial computed tomography image reveals mild right-sided 
hydronephrosis, perirenal fluid (urine), and extravasated contrast 
material extending from the renal sinus into the medial aspect of the 
right perirenal space. The extravasation was due to a 2-mm right 
ureterovesical junction stone. 


layers of Gerota fascia. This potential space extends 
dorsally to the kidney and may simulate fluid in the 
posterior pararenal space. The fact that this actually 
represents fluid in the anterior pararenal space can be 
recognized by the characteristic wedge shape of the 
fluid dorsal to the kidney (see Fig. 2-40). 
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FIGURE 2-43 Perirenal lymphoma. This enhanced axial computed 
tomography image through the kidneys shows irregular soft-tissue 
collections within the perirenal space, bilaterally, adjacent to the 
kidneys. Biopsy revealed non-Hodgkin lymphoma. 


FIGURE 2-44 Secondary involvement of the posterior pararenal 
space from a ene process. Enhanced axial computed tomography 
image reveals that this complex left renal abscess has broken through 
the posterior limb of Gerota fascia to involve the posterior pararenal 
space. 


Pathologic processes involving the posterior parare- 
nal space are uncommon. Fluid collections in this space 
often result from extraperitoneal hemorrhage and are 
usually seen in patients who have received excessive 
anticoagulation therapy or in whom bleeding has 
occurred attendant to trauma. Renal processes may 
extend directly into the posterior pararenal space (Fig. 
2-44), or this space may be secondarily involved from 
extension from the pelvic extraperitoneal spaces. 
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Detection of renal masses should be a high-priority 
task for radiologists examining the abdomen. Despite a 
great deal of research and many innovations in the 
treatment of renal cell carcinoma (RCC), the disease 
remains resistant to radiation therapy and chemother- 
apy. Modifiers of host biologic response, including 
agents such as interferon and interleukin, and newer 
biologic agents such as tyrosine kinase inhibitors have 
been studied extensively for the treatment of advanced 
RCC. However, therapeutic techniques have led to little 
improvement in the prognosis for patients with meta- 
static RCC. The 5-year survival rate of patients with 
metastatic RCC is only 5% to 10%. In addition, the 
incidence of RCC increased steadily by 38% between 
1974 and 1990. Although little progress has been made 
in the therapy for RCC, the 5-year survival rate for 
patients with RCC has improved significantly—from 
37% in the early 1960s to 65% for those diagnosed in 
2005. Both of these trends (i.e., the increased incidence 
and the improved survival) appear to be due to improve- 
ments in the radiologic diagnosis of RCC that allow for 
the diagnosis to be made at an earlier stage of the 
disease. Low-stage RCCs can be successfully treated 
with surgery and ablation techniques. In addition, the 
prognosis for patients with low-stage disease at diagno- 
sis is considerably more favorable than for those with 
a more advanced stage at diagnosis. Lead time and 
length biases may play some role in the apparent sur- 
vival benefits, but clinical data strongly suggest improved 
outcomes due to earlier diagnosis of RCCs. 

Renal masses may be detected, often incidentally, 
with a variety of imaging modalities. Most renal tumors 
are diagnosed incidentally. Approximately 75% of all 
RCCs are diagnosed after the incidental detection of a 
renal mass. Before the widespread use of cross-sectional 
imaging techniques, including sonography, computed 
tomography (CT), and magnetic resonance imaging 
(MRI), the rate of diagnosis was only 10%. The increase 
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in incidental detection of renal masses is not surprising 
given the increasing use of cross-sectional imaging 
techniques. In a study that analyzed autopsies per- 
formed between 1958 and 1969, two thirds of RCCs 
occurred in patients in whom the diagnosis was not 
clinically suspected. Several studies have confirmed 
that there is an increase in the number of RCC cases 
detected during imaging studies performed for nonuro- 
logical reasons. Patients with incidentally discovered 
RCC have a more favorable prognosis than do patients 
who present with urologic symptoms attributable to 
RCC. The classic triad of clinical findings, which 
includes flank pain, a palpable flank mass, and hema- 
turia, was a common presentation for patients with 
RCC before the widespread use of cross-sectional 
imaging. However, nowadays this clinical triad is rarely 
seen, and its presence usually indicates the presence of 
advanced, inoperable disease. The difference in prog- 
nosis reflects the fact that most incidentally detected 
RCGs are either stage T; or stage T,, resulting in a much 
more favorable outlook than that of patients with 
advanced disease. In fact, the clinical course and disease 
stage in symptomatic patients have changed very little 
during the last 40 years. The dismal prognosis for RCC 
patients with advanced-stage disease makes detection 
of low-stage RCCs, often incidental findings, all the 
more important. 

Therefore it can be said that substantial progress 
has been made with regard to improving the survival 
rate for patients with RCC. Much of this improvement 
can be attributed to early radiologic diagnosis of renal 
malignancies that in turn has resulted in a higher 
proportion of tumors that can be cured with surgical 
resection. For this reason, the detection and accurate 
diagnosis of renal masses are important tasks for 
radiologists. 

This chapter describes the radiographic clues that 
are useful in the diagnosis of renal masses. Further, 
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BOX 3-1  Expansile Renal Masses 


Radiographic Characteristics 
Ball shaped 

Approximately spherical 
Expansile 

Often exophytic 

Displace normal structures 
Well-demarcated margins 


BOX 3-2 Infiltrative Renal Masses 


Radiographic Characteristics 
Maintain bean shape of the kidney 
Infiltrate normal structures 

Poorly demarcated margins 


once detected, renal masses should be characterized 
and, if necessary, staged for proper management. 
Although this task may seem daunting at first, a few 
basic principles can be used to assist in the diagnosis 
of most renal masses. 


== BALLS VERSUS BEANS 


One concept that is very helpful in detecting and clas- 
sifying renal masses is the basic shape of the mass 
(Boxes 3-1 and 3-2). Most renal masses grow by expan- 
sion. These renal masses are usually spherical or ball 
shaped and they displace and compress, rather than 
infiltrate and invade, normal structures (Fig. 3-1). As 
these masses enlarge, they expand from the normal 
parenchymal margins, either peripherally to the kidney 
or into the renal sinus, depending on the epicenter and 
primary direction of growth. Alternatively, some renal 
lesions grow by infiltration, a second pattern. These 
lesions grow along the latticework of the normal renal 
parenchyma. Although infiltrating lesions may swell the 
area of involved parenchyma, they do not greatly 
deform the shape of the kidney (Fig. 3-2). The kidney 
retains its bean shape, and these infiltrative lesions are 
often referred to as beans, in distinction to the previ- 
ously described balls. Beans are often more difficult to 
detect radiologically than balls because they are associ- 
ated with little mass effect. 

In addition, both ball- and bean-shaped lesions may 
be solitary or multiple and the number of lesions is 
often helpful in determining the correct diagnosis. 
Boxes 3-3 and 3-4 list lesions in each of these two cat- 
egories (i.e., balls and beans). The ball category includes 
most of the common renal masses, such as simple cysts, 
RCC, angiomyolipoma (AML), most metastases, onco- 
cytoma, and abscesses. Alternatively, with geographic 
infiltrating lesions one should also consider the follow- 
ing three Is: 

1. Infiltrating neoplasms 
2. Inflammatory lesions 
3. Infarction. 

Infiltrating neoplasms include transitional cell carci- 
noma (TCC) and squamous cell carcinoma (SCC), 
which spread from the urothelium to the renal 


FIGURE 3-1 The typical computed tomography appearance of an 
expansile renal mass|A,|This exophytic 2.5 em renal cell carcinoma 
is well seen prior to injection of contrast material. B, The tumor is 
even more conspicuous during the nephrogram phase after contrast 
material injection. C, Sagittal view shows the tumor in another plane. 


parenchyma. Nowadays, these two subtypes of uro- 
thelial tumors are often classified by pathologists 
as urothelial carcinomas because the tumors often 
contain elements of each subtype. Uncommon infiltrat- 
ing tumors include infiltrating RCC, the recently 
described renal medullary carcinoma, some metasta- 
ses, leukemia, and lymphoma. All of these lesions are 
described in greater detail later. 
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BOX 3-3 Solitary Expansile Renal Masses (Balls) 


COMMON 

Cyst 

Renal cell carcinoma 
Oncocytoma 


UNCOMMON 
Angiomyolipoma 
Abscess 
Metastases 
Cystic nephroma 


RARE 


Metanephric adenoma 
Localized renal cystic disease 
Focal xanthogranulomatous pyelonephritis 


« 


FIGURE 3-2 Typical computed tomography appearance of an infil- 
trating renal mass] A,]Prior to contrast material infusion, this infiltrat- 
ing mass in the right kidney (arrow) is barely discernable as an area 
of subtle low density. B, Following the intravenous injection of con- 
trast material, this geographic area of decreased enhancement 
(arrow) is readily identifiable. Typical of an infiltrating lesion, this 
infiltrating renal cell carcinoma does not grossly affect the bean shape 
of the kidney. 


BOX 3-4 


COMMON 
Transitional cell carcinoma (urothelial carcinoma, unspeci- 


fied) 
Pyelonephritis 


Infiltrating Renal Masses (Beans) 


UNCOMMON 


Squamous cell carcinoma 
Infiltrating renal cell carcinoma 
Lymphoma 

Metastases 

Renal infarct 


RARE 


Renal medullary carcinoma 
Collecting duct carcinoma 


== DETECTION 


Previous studies have shown that the sensitivity for 
detecting renal masses varies with different imaging 
modalities. The sensitivity for excretory urography is 
67%, 79% for sonography, and 94% for conventional, 
nonhelical CT. The sensitivity of detection of renal 
tumors with MRI and multidetector CT is close to 
100%. Furthermore, excretory urography lacks suffi- 
cient specificity for accurately characterizing any renal 
masses as benign. Therefore every renal mass detected 
with or suggested by excretory urography must be 
imaged with another technique. 


Plain Films 


Commonly, the first hint of a renal mass may be found 
on an abdominal radiograph. Renal masses may be 
visible on a radiograph or a tomogram of the abdomen, 
usually as ball-shaped masses extending from the 
kidney. Uncommonly, fat within the mass may increase 
its conspicuity. The presence of fat density within a 
renal mass is virtually diagnostic of an AML. Confirma- 
tion of intratumoral fat should be obtained with either 
CT or MRI before making a diagnosis of AML, a benign 
tumor. More commonly, calcifications are detected 
within a renal mass (Fig. 3-3). Calcification within a 
renal mass is worrisome. Before the refinement of 
cross-sectional imaging techniques, a urology rule of 
thumb was a calcified renal mass is a surgical renal 
mass. This tenet remains true for many calcified renal 
masses even today. Although cross-sectional imaging is 
required to better characterize and guide management 
of a calcified renal mass, plain-film findings often 
provide significant information on the etiology of these 
masses. 

When calcification is detected, its pattern should be 
scrutinized (Box 3-5). A thin, peripheral rim of calcifi- 
cation most commonly occurs within the wall of a 
benign cyst (Fig. 3-4). Although only 1% of cysts contain 
calcium, renal cysts are ubiquitous. Unfortunately, 
peripheral rim calcifications can also develop in renal 
neoplasms, especially in cystic RCCs. Eighty percent of 
isolated rim calcifications that are identified in renal 


Renal Masses 69 


FIGURE 3-3 Calcifications in a renal cell carcinoma. A, This cone-down view of the left upper quadrant demonstrates 
irregular calcifications (arrows) extending from, and projecting over, the lower pole of the left kidney. This pattern 
is very worrisome for a renal cell carcinoma (RCC). B, Uninfused computed tomography of the same patient demon- 
strates a large, solid RCC (arrows) of the left kidney. This mass contains numerous calcifications corresponding to 


those seen on the abdominal radiograph. 


computed tomography scan demonstrates a thin rim of calcification 
in the wall of simple cysts (C). 


masses with radiography are benign cysts, and 20% are 
malignancies. At the opposite end of the spectrum, 
renal masses that contain central, irregular calcifica- 
tions (see Fig. 3-3) are likely to be malignant. Eighty- 
seven percent of these lesions are RCCs, and the 
remaining 13% are cysts complicated by previous 


BOX 3-5 Renal Mass Calcifications: 
Imaging Statistics 


Up to 31% of RCCs contain calcium at CT 
1%-2% of cysts contain calcium 


CT, Computed tomography; RCC, renal cell carcinoma. 


infection or hemorrhage. Some renal masses contain 
both thin, peripheral calcifications and focal, central 
calcifications. Half of these renal masses are RCCs and 
the other half are simple cysts. Approximately 15% of 
RCCs contain calcifications that are visible on abdomi- 
nal radiographs. Considering all of these variables, 60% 
of renal masses that contain calcifications that are 
visible on an abdominal radiograph, regardless of the 
calcification pattern, are RCCs. Besides complex renal 
cysts, other renal masses that frequently contain calci- 
fications are focal xanthogranulomatous pyelonephritis 
(XGP), chronic perirenal hematomas, hemangiomas, 
aneurysms, and vascular malformations. Cross-sectional 
imaging helps to distinguish between benign and malig- 
nant calcified renal masses in most patients. 

Other plain-film findings that may be important are 
skeletal abnormalities. RCC often spreads hematoge- 
nously to the skeleton, causing lytic skeletal lesions. 
These lesions sometimes grow slowly and lead to bubbly 
lesions that focally expand the bone. They can mimic 
other types of bone lesions, including metastases, 
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primary bone neoplasms, and myeloma. Multiple osteo- 
mas, or bone islands, are another interesting type of 
skeletal abnormality sometimes seen in association 
with renal masses. Patients with tuberous sclerosis (TS) 
can have multiple osteomas, which are particularly pre- 
dominant in the skull and spine. AMLs of the kidney 
develop in 80% of these patients and multiple renal 
cysts develop in a smaller percentage. Patients with TS 
do have an increased risk of developing RCCs. 


Intravenous Urography 


Renal masses were once often detected with intrave- 
nous urography (IVU), but this technique is rarely used 
today. The currently preferred techniques for renal 
mass detection are CT, MRI, and ultrasonography (US). 
However, if a mass is detected by urography, then some 
imaging features may be helpful to guide further evalu- 
ation. Expansile renal masses (see Box 3-3) lead to a 
focal bulge extending from the kidney, displacing 
normal renal structures (Figs. 3-5 and 3-6). Contour 


Intravenous urography of an expansile renal mass. This 
cone-down view of the kidneys demonstrates a large solid mass 
extending from the upper pole of the right kidney. This mass com- 
presses and displaces calyces, and its margins (arrowheads) extend 
beyond the expected margins of the kidney. This mass was a renal 
cell carcinoma. 


Nephrotomogram demonstrating a left upper-pole renal 
cell carcinoma. A bilobed mass (arrows) extends from the upper pole 
of the left kidney. This mass is solid and enhances similar to the 
density of the normal renal parenchyma. 


abnormalities are optimally detected with nephroto- 
mography performed during the nephrogram phase of 
the IVU. Large masses lead to calyceal splaying, stretch- 
ing, and draping, whereas infiltrating renal lesions 
usually produce little, if any, parenchymal mass effect. 
However, within the infiltrated parenchyma, function is 
absent or greatly diminished, and therefore opacifica- 
tion in the involved region is diminished during the 
nephrogram phase. In addition, infundibular stricture 
with resulting hydrocalyx and calyceal amputation (Fig. 
3-7) are typical urographic findings associated with 
infiltrating renal masses. Because many of these masses 
arise or invade the calyces, calyceal filling defects, also 
known as an oncocalyx, may be evident on the intra- 
venous urogram. 

As mentioned earlier, excretory urography lacks 
sufficient specificity for accurately characterizing 
any renal masses as benign or malignant. Therefore 
every renal mass detected with or suggested by excre- 
tory urography must be imaged with another technique. 
The most cost-effective approach is to go directly to 
renal sonography. With this technique, 80% of detected 
renal masses are characterized as simple cysts, thus 
ending their diagnostic evaluation. The remaining 
20% of renal masses require further study with CT 
or MRI. 


Amputated calyx. A transitional cell carcinoma is 
present in the upper pole of this right kidney causing stricturing of 
the upper-pole infundibulum and calyceal amputation. These features 
are typical of an infiltrating process. 
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Ultrasound 


US is very useful in the detection of expansile renal 
masses, and in characterizing renal masses as solid or 
cystic. US, unfortunately, is of little value in detecting 
infiltrating renal lesions because these lesions may 
cause only subtle sonographic abnormalities or may not 
cause any abnormalities at all. Extensive infiltrating 
lesions often lead to secondary abnormalities, including 
hydronephrosis and vascular encasement with dimin- 
ished flow to the area of involvement. Alteration of the 
normal central renal sinus echo complex may also be 
seen. These findings may be detectable with US and 
should suggest the presence of an infiltrating process. 


Cross-Sectional Imaging 


Cross-sectional imaging (i.e., CT, MRI) is the most 
useful imaging modality for the detection and charac- 
terization of renal masses. Expansile renal masses are 
routinely found with CT scanning. In addition, CT with 
contrast material infusion or MRI is extremely accurate 
in renal mass detection, characterization, and staging. 
Expansile renal masses 5 mm or larger are almost 
always detectable with these two modalities. Some 
renal masses can be undetectable on standard contrast- 
infused helical CT when scanning is performed in only 
one phase of contrast enhancement. When the kidneys 
are imaged during the portal venous phase of liver 
enhancement, renal enhancement is usually in the cor- 
ticomedullary phase and may be insufficient for detec- 
tion. In this phase, hypervascular cortical masses and 
hypovascular medullary tumors may be inconspicuous 
and undetectable. The optimal phase for renal mass 
detection with helical CT is the tubular or nephro- 
graphic phase. This typically occurs approximately 80 
to 120 seconds after the initiation of intravenous con- 
trast material injection. Virtually all renal tumors will 
be detectable during this phase of enhancement. CT 
angiograms can also be obtained with helical CT, obvi- 
ating the need for later catheter angiography for surgi- 
cal planning. Contrast material infusion with CT is 
essential for the detection of infiltrating lesions because 
they cause little or no contour abnormality (see Fig. 
3-2). While detection of infiltrating lesions can be some- 
what more difficult than detection of expansile masses, 
with contrast infusion, these lesions are usually detect- 
able with CT. With MRI, intravenous contrast usually 
helps to detect and characterize many renal tumors. 
Unfortunately, neither CT nor MRI is completely reli- 
able for characterization of infiltrating renal lesions, 
once detected because of the considerable amount of 
overlap of the CT and MRI findings of the various infil- 
trating lesions. 


Angiography 


Renal angiography, once a basic element in the diagno- 
sis of renal masses, is of little value in the evaluation of 
most renal masses. Angiography has traditionally been 
reserved for mapping vascular supply to the kidney 
harboring a renal mass when a partial nephrectomy is 
contemplated. Because noninvasive techniques such as 


CT or MR angiography can be used to derive similar 
information on renal vasculature, these techniques 
have largely replaced catheter angiography for this 
indication. 

Renal arteriography in combination with emboliza- 
tion may be useful in the treatment of some renal 
masses. Devascularization of a tumor may be performed 
before excision or ablation to reduce intraoperative 
blood loss or to enhance ablation efficacy, or to dimin- 
ish symptoms from an inoperable renal malignancy. In 
rare cases, angiography may be useful in distinguishing 
among various renal masses. In particular, angiography 
may be an alternative to open biopsy in the diagnosis 
of infiltrating renal neoplasms. Urothelial neoplasms, 
inflammatory lesions, and infarcts are nearly always 
hypovascular or avascular. An uncommon subtype of 
RCC is the infiltrating variety. The fact that this tumor 
is usually very vascular distinguishes it from other infil- 
trating lesions. Therefore an infiltrating renal mass that 
is hypervascular strongly suggests an infiltrating RCC. 
This finding is important because RCC is traditionally 
treated with nephrectomy, whereas TCC is treated 
with nephroureterectomy, and many other infiltrating 
lesions are treated medically. 


m= CLASSIFICATION OF RENAL MASSES 


For ease of understanding, renal masses can be sepa- 
rated into categories based on their growth pattern. The 
categories are solitary expansile masses, multiple 
expansile masses, and geographic infiltrating lesions. 


Ball-Shaped Masses 


Box 3-3 lists lesions that form expansile masses on the 
kidney. Of these, the simple renal cyst is the most 
common lesion. With cross-sectional imaging, these are 
seen in more than half of patients older than 50 years 
of age. They are not uncommon in younger patients, 
although the presence of a simple renal cyst in a child 
should raise the possibility of an underlying renal 
disease such as inheritable polycystic kidney disease, 
medullary cystic disease, or another hereditary disor- 
der. Simple cysts may be visible on plain films of the 
abdomen as large, round, water-density masses extend- 
ing from the kidney. These cysts are usually perfectly 
round with smooth margins. On IVU, CT, and MRI, 
simple cysts do not enhance, have an imperceptible 
outer margin, and because of their slow growth, renal 
parenchyma drapes around the edge of the mass (Fig. 
3-8) where the cyst meets the kidney. Renal paren- 
chyma draped around the edges of the cyst is often 
referred to as the beak or claw sign. Although these 
findings are typical of a simple cyst, the accuracy of 
diagnosing a simple cyst solely based on IVU results is 
in the range of 90%, a level of accuracy that is unac- 
ceptably low in today’s environment. These lesions can 
easily be confirmed as simple cysts with renal US. On 
an US, simple renal cysts appear anechoic with aug- 
mented through-sound transmission (acoustic enhance- 
ment) and a well-demarcated back wall (Fig. 3-9). 
Simple cysts may have one or two delicate internal 
septations. Any variance from these criteria suggests 
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FIGURE 3-8 Contrast-enhanced computed tomography shows a 
simple renal cyst in the right kidney. The cyst is water density, has 
an imperceptible peripheral wall, no enhancing internal components, 
and a distinct interface with the kidney. Renal parenchyma is draped 
around the edges of the cyst (arrows), the so-called “beak” or “claw” 
sign, indicating an intrarenal mass. 


FIGURE 3-9 Sonogram of a simple renal cyst. This upper-pole 
simple renal cyst demonstrates typical sonographic features. It is 
anechoic, spherical, and has enhancement of through-sound trans- 
mission (arrows). 


that the lesion is a renal neoplasm and it should be 
further evaluated with CT or MRI. Simple cysts are 
completely benign. Although they may occasionally 
cause symptoms because of mass effect, simple cysts 
are nearly always an incidental finding of no clinical 
significance. 


Cystic Lesions 

Cystic renal masses with more complex imaging fea- 
tures have been studied extensively with CT. The 
Bosniak classification system is useful for categorizing 
these lesions according to their etiology and serves as 
a guide for treatment. Table 3-1 summarizes the Bosniak 
classification system for cystic renal masses seen with 
aes This system can also be used for evaluating the 
atures of renal masses detected with MRI and US. 

s a simple cyst. Findings that are diagnostic 
of a simple renal cyst are a water-density mass that does 
not enhance and has an imperceptible or barely per- 


ceptible peripheral margin. 
Class II |lesions have multiple septations with thin, 


peripheral Calcifications (see Fig. 3-4). These are typically 
high-density cysts (Fig. 3-10) or have features typical of 
infected cysts. With CT, one can be reasonablyconfident that 


TABLE 3-1 Bosniak CT Classification of Cystic Masses* 


Classification Features Management 
I -Simple cysts Nonoperative 
-No septa, no calcification and (0% risk of caner) 
-No enhancement 
II -Septated (<3 thin septa) Nonoperative 
-Fine/short calcification (0% risk of caner) 
-Hyperdense <3 cm 
-Nonenhancing; 
Infected cysts 
IIF -Minimally complex Other imaging, 
-Multiple thin smooth septa or 6-12-month 
-Slightly thickened septa or wall follow-up 
-Thick/nodular calcifications imaging 
-Hyperdense >3 cm (25% risk of caner) 
-Nonenhancing 
Ill -Multiloculated, hemorrhagic, Resection or 
-Thick irregular/smooth wall (or ablation 
septa) (50% risk of caner) 
-Enhancing septa; no enhancing 
soft tissue components 
-Thickened, irregular calcification 
IV -Thick irregular enhancing wall, Resection or 
-Enhancing solid component ablation 
(95% risk of caner) 


CT, Computed tomography. 
*The system can be used in CT as well as MRI and ultrasound 


FIGURE 3-10 High-density cyst. This uninfused computed tomog- 
raphy demonstrates a homogeneously high-density lesion (arrow) in 
the left kidney. This did not enhance with contrast infusion. Sonog- 
raphy demonstrated features of a simple cyst. These cysts usually 
contain hemorrhage or highly concentrated proteinaceous material. 


these class II lesions are benign. Septations and high-density 
internal material are thought to develop after cyst infection 
or hemorrhage, which leads to the development of fibrin- 
ous internal septa, dystrophic calcifications in the wall 
of the cyst, or internal proteinaceous material reflected 
by high density on uninfused CT scans. The high- 
density cysts are the most problematic for radiologists. 
These lesions appear to be of higher density than the 
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kidney on uninfused CT scanning. With contrast infu- 
sion, they appear hypodense to the enhanced renal 
parenchyma, and there is no interval enhancement of 
these lesions with contrast material injection. Manage- 
ment of these lesions depends on several imaging 
features. Homogeneous hyperdense masses 3 cm or 
smaller that measure greater than 70 HU on a noncon- 
trast CT can be diagnosed as benign. However, this 
feature for diagnosing benign hyperdense cysts applies 
only to noncontrast CT scans. The Hounsfield unit 
values in renal masses after contrast enhancement 
are only helpful when comparing them with precontrast 
or delayed-phase contrast-enhanced scans because 
most RCCs will enhance to greater than 70 HU with 
intravenous contrast injection. However, small renal 
masses that measure between 20 and 70 HU and larger 
masses greater than 70 HU on precontrast CTs may 
be neoplasms or hyperdense cysts (benign) and other 
measures are needed for this distinction. A lack of 
enhancement from precontrast to postcontrast CT or 
MRI images indicates that these are benign lesions. 
Alternatively US can be used to classify these masses 
detected on noncontrast CT scans. If a CT-detected 
hyperdense mass has US features of a simple cyst, then 
the diagnosis of a hyperdense cyst is confirmed and no 
additional imaging evaluation is needed. In this way, US 
is helpful in confirming that the lesions are benign, 
albeit complicated, cysts. Unfortunately, these lesions 
sometimes contain internal echoes when imaged with 
US. In such cases, MRI or follow-up imaging should be 
used to determine whether they are neoplasms or 
benign cysts. If these lesions contain enhancing com- 
ponents, they are not Class II lesions, but rather Class 
IV, and treatment is indicated. 

[Class II] lesions have more complex imaging charac- 
teristics, including dense, thick calcifications; numer- 
ous septa or multiple locules; septal nodularity; or solid 
components that do not enhance (Fig. 3-11). Approxi- 
mately one half of these lesions are cystic RCCs. The 
remainder is benign lesions such as cysts complicated 
by infection or hemorrhage, or the benign tumor known 
as cystic nephroma or multilocular cystic nephroma 
(MLCN). For masses that have more than four septa- 
tions on imaging there is no reliable way to distinguish 
between cystic RCC and a benign entity without biopsy 
or surgery. Biopsy of cystic masses will only yield a 
diagnostic sample in approximately 50% of cases, and 
therefore surgery may be needed for definitive diagno- 
sis of these masses. For other Bosniak Class II] masses, 
such as those with dense calcifications, wall thickening, 
or nonenhancing solid areas, MRI can be useful to avoid 
surgery of benign tumors. Lack of enhancement on MRI 
makes it highly unlikely that one of these masses is a 
malignancy. These can be diagnosed as benign and 
triaged to occasional surveillance, such as yearly US 
for several years, rather than resection. 

lesions are always considered malignant. The 
major criterion of a Class IV lesion is an area of enhancing 
solid tissue. With cystic neoplasms, this tissue is often at 
the periphery, and enhancement may be subtle (Figs. 3-12 
and 3-13). Careful comparison of the margins of the cystic 
mass between the unenhanced and the contrast-enhanced 
CT or MRI sean may reveal an area of enhancement. In 


FIGURE 3-11 ]Bosniak class III}renal mass. This multilocular right 


renal mass (arrows) has numerous septations. This mass did not 
enhance with contrast infusion. Note centrally there is extension, or 
herniation (arrowhead) of this mass into the renal sinus. This was a 
benign multilocular cystic nephroma. 


FIGURE 3-12 Bosniak class IV renal mass. This papillary renal cell 
carcinoma demonstrates solid tissue with subtle peripheral enhance- 
ment (arrowheads). Enhancing tissue in a cystic renal mass strongly 
suggests a malignant tumor. 


cases with an area of enhancement, the lesion should 
be presumed to be RCC and treatment is indicated. 

In the author’s experience, 20% of RCCs appear pre- 
dominantly cystic on CT or MRI. Three quarters of 
these are solid RCCs that have undergone central liq- 
uefaction necrosis. With growth, these lesions tend to 
outstrip their blood supply, and central areas become 
ischemic and necrotic. This subgroup usually has a 
papillary cellular growth pattern, which has been asso- 
ciated with a decreased rate of metastases and better 
prognosis than other forms of RCC. Papillary RCCs are 
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Bosniak class [V|cystic renal cell carcinoma. This 
contrast-infused computed tomography demonstrates a predomi- 
nantly cystic left renal mass (M). Areas of peripheral enhancement 
(arrowheads) and an enhancing rim (arrows) make this a Bosniak 
class IV tumor. 


also often multifocal and may be familial. These tumors 
tend to be slow-growing masses with fronds of tissue 
protruding centrally from the margins. Fluid may be a 
large component of these masses, but more often they 
are solid masses. They are usually hypovascular, even 
after attaining a large size. Although these lesions may 
have subtle features indicating their true nature on CT, 
US often better demonstrates the complex internal 
architecture (Fig. 3-14) typical of a papillary RCC. 

Cysts may be associated with renal malignancies in 
other ways. Because renal cysts are quite common, 
cysts and tumors may occur in the same kidney and 
yet be causally unrelated. A renal tumor may occur 
adjacent to a solitary or dominant cyst. This pattern of 
abnormalities is likely related and occurs because the 
neoplasm obstructs renal tubules and causes dilatation 
and cyst formation. Because recognition of these cysts 
may lead to detection of the nearby renal tumor, these 
focal, solitary cysts are sometimes referred to as senti- 
nel cysts. Some conditions cause formation of both 
renal cysts and renal neoplasms. This category includes 
von Hippel-Lindau (VHL) disease, TS, and long-term 
dialysis. These entities are discussed later in this 
chapter. Finally, the rarest cyst-renal neoplasm associa- 
tion is the formation of an RCC in the wall of a preexist- 
ing simple renal cyst. Once sizable, these neoplasms 
can be detected with US, CT, or MRI as a solid nodule 
originating in the wall of the cyst (Fig. 3-15). The solid 
component of such a mass usually enhances with con- 
trast material injection, and these tumors are managed 
identically to other RCCs. 


Renal Cell Carcinoma 

RCC is commonly referred to as renal adenocarci- 
noma, Grawitz tumor, and hypernephroma. It is the 
most common primary renal malignancy. Over 20,000 


Renal cell carcinoma: computed tomography (CT) 
and sonographic features. [A| Contrast-enhanced CT shows a cystic 
mass in the left kidney with subtle wall thickening and internal 
complexity, but features are inconclusive for Bosniak classification. 
B, Sonogram of this mass shows numerous thick septations confirm- 
ing a|Bosniak II mass| 


new cases of RCC occur in the United States annually. 
Because of its protean and often nonspecific clinical 
manifestations, it is sometimes referred to as the great 
imitator by clinicians. The classic clinical triad associ- 
ated with the diagnosis of RCC is a combination of flank 
pain, hematuria, and a palpable flank mass. Although 
often cited, this triad is seen in only 10% of RCC patients 
and usually indicates the presence of advanced disease 
with a poor prognosis. Early detection is crucial for 
cure; treatment of advanced disease is largely ineffec- 
tive. The cure rate is high for patients with early stage 
RCC, whereas the prognosis for patients with advanced 
disease is abysmal. 

RCC arises from renal tubular epithelium and usually 
develops in the cortex of the kidney. The most common 
cellular subtypes of RCC are clear cell comprising 
approximately 70% of RCCs, papillary (~20%), and 
chromophobic (~10%). RCCs usually grow slowly with 
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FIGURE 3-15 Renal cell carcinoma (RCC) arising in the wall of a 
cyst in a patient with autosomal dominant polycystic kidney disease 
(ADPKD). [A] Precontrast computed tomography (CT) shows innu- 
merable cysts in both kidneys. Some of the cysts have attenuation 
greater than water indicating hemorrhage or proteinaceous contents, 
a common finding in ADPKD. B, Contrast-enhanced CT shows a solid 
enhancing nodule (arrow) in the largest cyst. This was proven to be 
an RCC. 


an average diameter increase of approximately 4 mm/ 
year, but their growth can be unpredictable. Recognized 
risk factors are male gender, with a twofold to threefold 
increase in the risk of developing RCC, obesity, smoking, 
and advancing age (median age at diagnosis, 55 years). 

Once the main imaging tool in the diagnosis of RCC, 
IVU has been superseded by the more sensitive and 
specific cross-sectional imaging modalities: US, CT, and 
MRI. An RCC detected with IVU usually appears as an 
expansile contour bulge (see Figs. 3-5 and 3-6). Because 
RCC typically grows by expansion rather than by infil- 
tration, the tumor usually displaces calyces. Calcifica- 
tions can be detected with standard radiographs in 13% 
of RCCs. Patterns of calcifications are helpful in deter- 
mining whether a mass is benign or malignant, but 
unfortunately there is a substantial degree of pattern 
overlap. Benign renal cysts cause pure, rimlike calcifi- 
cation in a renal mass in 80% of cases, whereas RCCs 
cause calcifications in 20% of cases. Conversely, 87% of 
masses with central, diffuse, amorphous, or dense cal- 
cifications are RCCs, and 13% are benign tumors. 
Overall, the majority of all renal masses with associated 


BOX 3-6 Renal Cell Carcinoma: CT and 
MR Features 


Approximately spherical 

Fails criteria of simple cyst 

Lacks internal fat 

Enhances with intravascular contrast media 


CT, Computed tomography; MR, magnetic resonance. 


calcifications are RCCs; therefore the presence of cal- 
cification in a renal mass strongly suggests RCC. 

With CT or MRI scanning alone, RCC can be diag- 
nosed with an accuracy of over 95%. This high degree 
of accuracy reflects the fact that nearly all RCCs 
conform to a standard profile on CT and MRI: RCCs are 
expansile, with solid components (Box 3-6). Some 
RCCs are predominantly cystic, but they exhibit evi- 
dence of neoplasia on CT or MRI. In addition, because 
RCCs do not contain discernible fat, the presence of fat 
in a renal mass suggests an AML and excludes an RCC 
unless the tumor has grown to engulf normal renal sinus 
or perirenal fat. This pattern is usually distinguishable 
from that of true intrinsic tumor fat. 

Earlier reports suggested the following CT character- 
istics as typical of RCC: (1) soft-tissue renal mass; 
(2) isodense to the kidney before contrast enhance- 
ment; (3) hypodense compared with the kidney after 
contrast enhancement; (4) inhomogeneous internal 
density; (5) indistinct mass-kidney interface; (6) lobu- 
lated and irregular margins; and frequently (7) calcifi- 
cation. Many RCCs do not meet all of these CT criteria. 
However, the CT features of RCC change considerably 
as the tumor enlarges. Most small RCCs (<5 cm in 
diameter) have a less aggressive appearance than the 
aforementioned criteria would suggest. 

The radiographic appearance of RCCs varies greatly. 
In the author’s experience with CT, 94% of RCCs are 
detected as expansile masses, whereas the remaining 
6% grow by infiltration without significant disruption of 
the reniform shape of the involved kidney. The pre- 
contrast enhancement density of ROCs compared with 
the background renal parenchyma can be hypodense, 
isodense, or hyperdense. Hyperdensity presumably 
results from acute hemorrhage, calcium accumulation, 
or proteinaceous debris within the tumor. Almost half 
of RCCs display a transient hyperdense blush during 
bolus contrast material injection (Fig. 3-16), but all are 
hypodense to the kidney during the nephrogram phase 
of contrast enhancement. Tumor homogeneity, dis- 
tinetness of the RCC-kidney interface, and the shape 
and sharpness of the tumor margins are largely depen- 
dent on tumor size. RCCs measuring less than 5 cm in 
diameter are usually homogeneous masses with a dis- 
tinct mass-kidney interface and smooth, sharp margins 
(Fig. 3-17). These features are rare in large RCCs. Cal- 
cifications are visible with CT in 31% of RCCs, a larger 
percentage than with plain-film radiographs (13%). 

RCCs sometimes appear cystic, and approximately 
22% of diagnosed RCCs are predominantly cystic. 
However, the CT appearance of a cystic RCC is different 
from that of a simple cyst. In cystic RCCs, areas of wall 
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FIGURE 3-16 Computed tomography (CT) of the transient hyper- 
dense blush seen in some renal cell carcinomas (RCCs). This CT scan 
taken during a bolus injection of intravenous contrast material dem- 
onstrates an expansile right renal mass (arrows).This mass enhances 
to a slightly greater density than does normal renal parenchyma. This 
feature is commonly seen with hypervascular RCCs. 


FIGURE 3-17 Computed tomography (CT) features typically seen 
with small renal cell carcinomas (RCCs). This contrast-enhanced CT 
in the nephrogram phase demonstrates a homogeneous, well margin- 
ated renal mass (arrow) which has a distinct interface with normal 
kidney. This 2 cm mass was proven to be an RCC. 


thickening and enhancement of contrast material are 
present; therefore diagnosis of simple renal cysts is 
excluded when these are visualized. 

Large RCCs usually display features typical of malig- 
nant growth, including central necrosis due to inade- 
quate vascular supply, marginal lobulation reflecting 
differential growth rates within the tumor (Fig. 3-18), 
infiltration of surrounding tissues, and production of an 
indistinct mass-kidney interface. 

Size is not a valid CT criterion for differentiating 
malignant renal masses from benign renal masses 
(Fig. 3-19). It is true that small RCCs are more likely 
to be contained within Gerota fascia and to have a 
less aggressive imaging appearance. However, manage- 
ment by either active surveillance imaging, resection, 


FIGURE 3-18 Contrast-enhanced CT, coronal reconstruction, of a 
large upper-pole renal cell carcinoma (RCC) (arrows). The tumor 
demonstrates features typical of larger RCCs; heterogeneity with 
central necrosis, irregular lobulated margins, and an indistinct inter- 
face with normal kidney. Invasion into the adrenal gland is present. 


FIGURE 3-19 A 1.5-cm renal cell carcinoma. This left renal mass 
(arrow) was detected incidentally during an abdominal computed 
tomography scan for another reason. This mass is clearly solid and 
no fat was detected within it. Renal-sparing surgery confirmed it as 
a renal malignancy. 


or ablation of these tumors is mandatory to prevent 
progression to a more advanced disease stage. Surgical 
therapy generally offers patients with small RCCs a 
good prognosis. In an RCC series in the author’s institu- 
tion, two of eight patients with RCCs 30 mm or smaller 
had advanced-stage disease at the time of diagnosis 
(Fig. 3-20), highlighting the fact that tumor size alone 
may underestimate tumor stage. Tumor size is at best 
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FIGURE 3-20 Small renal cell carcinoma (RCC) with metastatic 
disease. This contrast-infused computed tomography scan demon- 
strates a 2.5-cm mass (arrow) in the upper pole of the left kidney. 
While this mass does not appear particularly aggressive this patient 
already had distant metastases. A lytic metastasis (arrowhead) from 


this RCC is present in adjacent vertebrae. 


only a rough indicator of prognosis, but it is not an 
indicator of diagnosis. More recently active surveillance 
imaging for small renal tumors detected by cross- 
sectional imaging has become more popular. This is 
based on the fact that some small renal tumors are 
benign (AMLs or oncocytomas) and if RCCs, they grow 
only an average of 4 mm/year. This combined with the 
fact that RCCs rarely metastasize when smaller than 
3 cm has led some urologists to favor periodic imaging 
surveillance over curative management in elderly or 
infirmed patients. This algorithm is better established 
in the management of prostate carcinomas, but with 
the increased detection of very small renal tumors, it 
has gained some popularity in RCC management. 

Other differential diagnoses to be considered when 
a solitary renal mass is demonstrated with CT or MRI 
are metastatic disease, invasive urothelial neoplasm, 
inflammatory lesions of the kidney, and benign renal 
neoplasms. Although CT or MRI, especially in conjunc- 
tion with the patient’s clinical data, may help to dif- 
ferentiate RCC from these aforementioned entities, 
imaging features often exhibit considerable overlap. 
Some of the pertinent benign entities to be considered 
and the radiographic features that assist in their diag- 
nosis are discussed later in this chapter. In patients 
with known extrarenal malignancies, guided needle 
biopsy of a solitary renal mass may help to differentiate 
between primary renal malignancy and metastasis. This 
distinction may be important if the metastasis is to be 
treated nonsurgically. It is one of the main indications 
for percutaneous renal mass biopsy because the imaging 
appearances of an RCC and a metastasis can overlap, 
although their clinical management often differs. 

For some RCCs, appearance strongly suggests the 
diagnosis, whereas in other cases the appearance is not 
conclusive. Infiltrating RCCs, an uncommon subtype, 
do not substantially alter the reniform shape of the 
kidney, and these lesions often have homogeneous 
internal architecture (see Fig. 3-2). They are detectable 
mainly because they are hypodense compared with the 


FIGURE 3-21 Spontaneous perirenal hemorrhage in a patient with 
renal cell carcinoma (RCC). This uninfused computed tomography 
scan demonstrates subcapsular (arrows) and perirenal (arrow- 
heads) high-attenuation fluid. This is typical of acute hemorrhage 
and suggests underlying pathology in that kidney. Further scanning 
demonstrated a solid renal mass with features typical of an RCC in 
this kidney. 


surrounding parenchyma on contrast-enhanced CT or 
gadolinium (Gd)-enhanced MRI. Nontraumatic sponta- 
neous renal, subcapsular, or perirenal hemorrhage 
(SPH; Fig. 3-21) is an unusual presentation of RCC, 
causing patients to seek medical evaluation. Of all 
SPHs, up to 55% are due to underlying RCCs. Unfortu- 
nately, extensive hemorrhage often obscures the under- 
lying tumor, making it undetectable with CT. In these 
cases, if a renal mass is not detected by CT when SPH 
is initially diagnosed, then MRI should be obtained. If 
an MRI does not diagnose an underlying cause, then a 
renal CT arteriogram or MR arteriogram should be 
acquired to detect evidence of a vasculitis or other 
vascular lesion. If no abnormality is detected, CT or 
MRI should be repeated after 1 month to search again 
for a renal mass while the hemorrhage is resolving. 
Follow-up CT or MRI should be repeated if no lesion is 
detected. If a benign mass, such as an AML, which is 
commonly associated with SPH, is detected (Fig. 3-22), 
it may be treated nonsurgically with embolization or 
surveillance or with renal-sparing surgery. Detection of 
an RCC usually leads to nephrectomy. This approach 
to SPH helps to minimize nephrectomy for benign 
diseases. 

Because sonography of the kidneys is often per- 
formed, either in the evaluation of the urinary tract 
or as part of a larger upper abdominal examination, 
RCCs are often detected with US. The sonographic fea- 
tures of RCC are typical of this lesion, but are not 
diagnostic. Most RCCs appear as expansile, solitary, 
solid renal masses. They may be hypoechoic, isoechoic, 
or hyperechoic in comparison with the renal paren- 
chyma. As RCCs enlarge, they often develop heteroge- 
neous echo patterns with internal cystic areas (Fig. 
3-23). Several sonographic features of RCC are of 
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Noncontrast computed tomography in a patient with 
tuberous sclerosis and numerous renal angiomyolipomas (AMLs) 
and spontaneous perirenal hemorrhage (arrows). There are numer- 
ous bilateral fat containing AMLs. In addition, there is high attenua- 
tion fluid (arrows) in the right perirenal space indicating acute 
hemorrhage. 


Transverse sonogram of a renal cell carcinoma (RCC), 
demonstrating an expansile right renal mass (arrows). This mass is 
slightly hyperechoic and heterogeneous compared to normal renal 
parenchyma. These features are typical of most RCCs. 


interest. In particular, the sonographic appearance of 
small (diameter <5 cm) RCCs can mimic that of AML. 
With renal sonography, most small RCCs appear as 
masses that are only slightly hyperechoic in compari- 
son with normal kidney. However, approximately 15% 
of small RCCs appear as markedly hyperechoic renal 
masses (Fig. 3-24), and these lesions will be indistin- 
guishable from the benign tumor AML with US. Although 
CT or MRI is required to further categorize these hyper- 
echoic lesions, some US features strongly suggest a 
diagnosis of RCC. An anechoic perimeter, or the pres- 
ence of cystic areas within the hyperechoic mass, 


Sonogram demonstrating a hyperechoic renal cell 
carcinoma (RCC). A, This longitudinal sonogram of the right kidney 
demonstrates a well-circumscribed hyperechoic right renal mass 
(arrows). B, Contrast-infused computed tomography scan in the 
same patient demonstrates that this mass is solid (arrow) without 
visible internal fat. This mass was resected and proven to be an RCC. 


typifies RCC and should not be seen with an AML. 
However, there is substantial overlap in the sonographic 
appearance of RCC and other renal masses. For this 
reason, detection of a solid renal mass with sonography 
should always be complemented with CT or MRI to 
further characterize the renal mass and to allow for 
tumor staging, if the lesion is malignant. Both CT and 
MRI are exquisitely sensitive for the detection of intra- 
tumoral fat, the presence of which confirms the diag- 
nosis of AML. 

Another interesting feature of US is its capacity to 
demonstrate the internal architecture of renal tumors 
better than CT. Some renal masses appear cystic or 
homogeneous with CT. US or MRI examination of these 
lesions may demonstrate complex internal components 
(see Fig. 3-14) with septations, fronds of solid tissue 
lining the periphery of the mass, or other evidence of 
malignancy. Therefore either US or MRI may be used 
as an adjunctive test when CT findings are equivocal. 
In general, with US, masses larger than 1 cm in diam- 
eter can be detected and characterized as a simple cyst 
or as a more complex mass suggestive of RCC. This is 
the preferable imaging test for evaluation of these larger 
masses. Characterization of smaller masses will usually 
require MRI. In particular, US may be useful when CT 
findings suggest the presence of a cystic lesion that 
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TABLE 3-2 Staging Systems of Renal Cell Carcinoma 
Robson TNM 
Stage Category 
I Tumor within renal capsule 

Tumor < 7 cm Ty 
Tumor > 7 cm To 
II Tumor spread to perinephric T; 
fat or renal vein 
HIA Venous tumor extension 
Limited to renal vein ha 
Infradiaphragmatic IVC Tap 
Supradiaphragmatic I 
NIB Regional lymph node Ni 
metastasis 
MIC Venous tumor extension and 
regional node metastasis 
IVA Direct invasion beyond aa 
Gerota fascia or adrenal 
sland (TNM only) 
IVB Distant metastasis M, 


IVC, Inferior vena cava. 


lacks features typical of a simple cyst but is not obvi- 
ously malignant (see Fig. 3-14). 

Once RCC is suspected, staging is critical for appro- 
priate treatment planning. Table 3-2 summarizes the 
commonly used staging algorithms for RCC. Stage I and 
stage II RCCs are treated surgically with either a partial 
nephrectomy or a radical nephrectomy. Stage III lesions 
are usually treated with radical nephrectomy and extir- 
pation of tumor-filled veins, tumor thrombectomy, local 
lymph node excision, or a combination of these. Patients 
with stage IV disease generally do not require surgery 
and are treated palliatively unless nephrectomy is 
needed to relieve intractable symptoms. 

Using meticulous CT or MRI technique, accurate 
RCC staging can be achieved in more than 90% of cases 
(Box 3-7). Surgical planning can often be facilitated 
with accurate imaging studies. For surgical planning, 
CT (Fig. 3-25) or MR angiograms along with coronal or 
sagittal images, to demonstrate the tumor location in 
an anatomical format more comparable to the surgeon’s 
view, can be obtained and are particularly helpful for 
planning nephron-sparing partial nephrectomies. Often 
the most difficult imaging task with CT is accurate 
evaluation of tumor extension into the renal vein. After 
power-injected contrast material administration, thin 
(<5 mm) CT slices made through the level of the renal 
vein will yield 95% accuracy in detecting renal vein 
thrombus complicating RCC. Secondary signs of renal 
vein involvement are unreliable. Renal vein enlarge- 
ment and displacement are not accurate indicators of 
venous invasion because the renal vein is often enlarged 
simply due to the high flow of blood from a hypervas- 
cular RCC. Venous displacement may reflect distortion 
of its normal course from a bulky renal tumor or dis- 
placement from extrinsic nodal disease. The normal left 
renal vein may have an abrupt caliber change as it 
crosses between the superior mesenteric artery and the 
aorta; elsewhere such changes usually indicate the 
presence of tumor thrombus. The most reliable sign of 


BOX 3-7 Abdominal Imaging in RCC Patients: 
Areas of Particular Interest 


Contralateral kidney 
Renal vein 

Vena cava 

Regional lymph nodes 
Ipsilateral adrenal gland 
Adjacent organs 

Liver 

Skeleton 


RCC, Renal cell carcinoma. 


FIGURE 5-25 Computed tomography (CT) angiogram in a patient 
with a renal cell carcinoma (not shown) being considered for partial 
nephrectomy. This volume-rendered CT arteriogram was constructed 
from data obtained from axial scanning during the arterial phase of 
contrast enhancement. The renal arteries, aorta, and mesenteric 
arteries are well demonstrated. CT angiography and magnetic reso- 
nance angiography are now the standard techniques for imaging 
evaluation of the renal arteries when vascular anatomy is needed for 
surgical planning. 


tumor invasion is direct visualization of the low- 
attenuation thrombus in an otherwise opacified vein 
(Fig. 3-26). These criteria also apply to the diagnosis of 
tumor thrombus in the inferior vena cava. Clotted 
blood, also known as bland thrombus, may develop in 
veins adjacent to tumor thrombus and the appearance 
may suggest more extensive tumor thrombus than is 
actually present. CT can be used to differentiate bland 
thrombus from tumor thrombus only when neovascu- 
larity or substantial contrast enhancement is detectable 
within the tumor thrombus. 

Both CT and MRI are very effective in detecting ret- 
roperitoneal lymphadenopathy. Oblong nodes 1.0 cm 
or larger, or sphere-shaped nodes 8 mm or larger in 
short axis are pathologically enlarged and therefore sug- 
gestive of lymphatic metastases. This criterion assures 
accurate detection of most nodal metastases. Unfortu- 
nately, imaging techniques cannot differentiate malig- 
nant lymphadenopathy from lymph node enlargement 
due to reactive hyperplasia. Marked node enlargement 
and nodes with necrosis are very likely to be metasta- 
ses, but size alone is an unreliable indicator of tumor 
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FIGURE 3-26 Renal cell carcinoma extending into the right renal 
vein and the inferior vena cava. This contrast-infused computed 
tomography demonstrates solid tissue extending into and enlarging 
the right renal vein and the inferior vena cava. The portion in the 
inferior cava is outlined by a meniscus of opaque contrast material 
entering the cava from the normal left renal vein. 


spread. Reactive hyperplasia in regional nodes is more 
commonly seen with RCCs complicated by tumor 
necrosis and venous extension. Rarely, normal-sized 
nodes (<1 em) harbor microscopic tumor foci. These 
pathologic nodes are not identifiable with CT size 
criteria. 

Distant metastases to liver and bone are generally 
easy to identify with CT or MRI. Organ-appropriate 
window settings of scans should be done in all cases to 
maximize the CT visualization of metastatic deposits. 
Because RCC metastases are often hypervascular, it is 
difficult to detect them in the enhanced liver. As a 
result, CT images of the liver before contrast material 
enhancement and during the hepatic arterial phase of 
liver enhancement are helpful in identifying many of 
these lesions. Detection of metastases in extrarenal 
areas such as the liver, skeleton, and lung bases may 
obviate the need for additional diagnostic studies of 
these areas and negate indications for surgical therapy. 

It is often impossible to differentiate between stage 
I and stage II RCC with CT and MRI. In most settings 
this drawback is of no clinical significance other than 
for prognostication, because radical nephrectomy is the 
treatment of choice in either case. However, a growing 
number of surgeons are treating early stage RCC with 
partial nephrectomy or tumorectomy. Results indicate 
that partial nephrectomy is as effective as radical 
nephrectomy for the treatment of both stage I and stage 
II RCC. When partial nephrectomy is being considered, 
it is important to scrutinize the ipsilateral adrenal gland 
for evidence of tumor involvement. When present, this 
will necessitate adrenalectomy in conjunction with 
tumor removal. Otherwise, the adrenal gland may be 
spared. 

Some signs have been considered suggestive of extra- 
capsular (stage II) tumor spread. These signs include 
visualization of the following features in the perinephric 
space: stranding or cobwebbing, collateral vessels, fat 
obliteration, discrete soft-tissue masses, and fascial 
thickening. Obliteration of perinephric fat and visual- 
ization of perinephric collateral vessels are not reliable 
signs of stage II disease, and their significance for 
staging is minimal. Fat obliteration indicates only mass 
effect, not invasion, in the perinephric space, and 


FIGURE 3-27 Contrast-enhanced magnetic resonance imaging 
showing a large right renal cell carcinoma. The mass is hypervascular 
with central necrosis, and lobular margins. 


collateral vessels form in response to tumor angiogen- 
esis factor, but do not indicate extension of tumor. 
Likewise, perinephric stranding should not be consid- 
ered a sign of extracapsular tumor spread. Perinephric 
stranding results from thickening of perinephric 
septa by edema, inflammation, or vascular congestion. 
Although fascial thickening is in fact often due to direct 
tumor spread, it may also occur because of reactive 
edema or hyperemia. The most reliable imaging sign of 
RCC spread to the perinephric space is the presence 
of a discrete perinephric soft-tissue mass. The presence 
of a focal perinephric mass larger than 1 cm in diameter 
is strongly indicative of stage II RCC. This finding is 
seen in less than half of patients with stage II disease. 
To date, the reliable differentiation between stage 
I and stage II disease remains in the domain of the 
pathologist. 

Other staging quandaries encountered when using 
CT or MRI are bulky right renal masses that obscure 
the right renal vein and adjacent inferior vena cava, 
vena cava wall invasion versus intraluminal tumor 
thrombus, and differentiation of RCCs abutting adja- 
cent organs from those invading adjacent organs. 

Although MRI is very accurate in staging RCC, its 
cost, duration of examination, suboptimal lung imaging, 
and somewhat limited accessibility have led most phy- 
sicians to use CT as the primary staging technique for 
RCC. Thus far, the major role of MRI in RCC evaluation 
lies in staging of cases deemed indeterminate after CT 
evaluation or in imaging patients in whom obtaining 
optimal CT scans is impossible. The MRI characteristics 
of RCC (Fig. 3-27) are similar to those described for CT. 
RCC signal characteristics vary greatly from one case 
to another. RCCs may be similar to the surrounding 
kidney in signal characteristics, depending on scanner 
field strength and imaging parameters, and some RCCs 
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FIGURE 3-28 Magnetic resonance imaging (MRI) of a small renal 
cell carcinoma (RCC) demonstrating enhancement with gadolinium 
(Gd) infusion.[A]] This axial T1-weighted MRI of the right kidney 
demonstrates a subtle contour abnormality (arrow). This bulge has 
similar signal characteristics to the remainder of the kidney. B, Fol- 
lowing Gd infusion, a T1-weighted axial image demonstrates periph- 
eral enhancement (arrowheads) of this small RCC. 


are isointense with the surrounding parenchyma on 
both T1- and T2-weighted pulse sequences. Therefore 
the diagnosis of RCC is dependent on visualization of a 
contour-disrupting mass, and small RCCs could be 
undetectable. Gd contrast enhancement overcomes 
this limitation (Fig. 3-28). With Gd injection, as with 
iodinated contrast material injection for CT, RCCs 
enhance and become conspicuous within the renal 
parenchyma. The basic MRI profile for diagnosis of RCC 
is simple. An enhancing ball-shaped renal mass that 
does not contain macroscopic fat is most likely an RCC. 
Enhancement can be detected objectively, by measur- 
ing signal characteristics of the mass, or subjectively 
using subtraction images from the contrast-enhanced 
series of images. A study showed that enhancement of 
a renal mass of greater than 15% on scans made 3 to 5 
minutes after Gd injection is strongly suggestive of 
a malignancy. This measurement of enhancement is 


predicated on the fact that all imaging parameters are 
set exactly the same before and after Gd injection. 
Subtraction images are obtained by postprocessing of 
image series. The precontrast images are subtracted 
from the postcontrast images. Nonenhancing areas will 
be completely black, whereas enhancing masses will 
show internal signal, indicating increased signal attrib- 
utable to contrast enhancement and internal blood 
flow. Reliable subtraction images require good breath- 
hold technique to prevent misregistration of images due 
to patient movement. Gd injection also improves the 
imaging quality of MR renal angiograms, if they are 
obtained early after bolus injection of this contrast 
agent. MRI is particularly useful for the diagnosis of 
RCC in patients for whom iodinated intravascular con- 
trast media present a significant health risk, such as 
patients with a history of a major adverse reaction to 
injected iodinated contrast material or those with renal 
insufficiency, because Gd injection is safe in these 
patients. In addition, multiplanar MR images can be 
helpful in determining the organ of origin of tumors or 
presence of adjacent organ invasion when this remains 
unclear after CT and US. 

MRI also is useful in suggesting the cellular makeup 
of RCCs; 70% to 80% of RCCs are histologically classi- 
fied as the clear cell variety. Microscopically clear cells 
contain abundant intracellular lipid and these tumors 
are usually highly vascular. MRI features suggestive of 
clear-cell carcinomas are high signal on T2 images and 
avid enhancement following Gd injection (see Fig. 
3-27). In addition, in approximately 40% of clear-cell 
RCCs, there will be detectable signal loss on out-of- 
phase chemical shift T1-weighted images attributable 
to the lipid-rich cells in these tumors (Fig. 3-29). This 
finding is specific for the clear-cell subtype of RCC. 
Papillary RCCs comprise approximately 20% of RCCs. 
These tumors usually exhibit low signal on T2-weighted 
images and enhance minimally with Gd injection (Fig. 
3-30). In addition, papillary RCCs showed marked 
restriction of diffusion, with bright signal on diffusion- 
weighted images and low signal on apparent diffusion 
coefficient maps forming diffusion-weighted image 
series. Less common types of RCCs are chromophobic, 
collecting duct, and renal medullary carcinoma cell 
types. These lack specific MRI signal characteristics for 
subclassification. 

With MRI, as with CT, no reliable criteria have been 
established for differentiating between stage I and stage 
I RCC. Multiplanar imaging of the abdomen and the 
ability to enhance the signal of flowing blood make MRI 
helpful for staging RCC. Sagittal and coronal MR images 
are usually definitive in excluding the presence of direct 
adjacent organ invasion when a fat plane exists between 
the RCC and that organ. Altered signal characteristics 
within adjacent organs must be interpreted with care 
when they are the sole abnormality because signal 
changes in compressed segments of the liver resulting 
from congestion and edema may mimic changes of 
direct invasion. The degree of venous tumor extension 
is also accurately depicted with multiplanar MRI (Fig. 
3-31). Coronal scans usually show the level of hepatic 
vein entry into the inferior vena cava. Tumor extension 
at or above the level of the hepatic veins dictates the 
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Imaging features of clear cell subtype of renal cell carcinoma (eeRCC). A, A 1.5 cm spherical solid mass (arrow) arising 
from the renal parenchyma that grows into the renal sinus. No fat is present in the mass on this noncontrast computed tomography (CT). 
B, Contrast-enhanced magnetic resonance imaging (MRI) shows very avid enhancement of this mass typical of ceeRCC and very different 
from the enhancement pattern for angiomyolipomas. C, In-phase MRI scan shows high signal within the mass, a nonspecific feature. D, 
Out-of-phase chemical shift sequence image shows signal “drop-out” within the mass indicating the presence of intracellular lipid, a 
finding highly specific for eeRCC and rarely seen with other cell types of renal tumors. 


surgical approach. If the tumor does not extend beyond 
hepatic inflow, an abdominal approach may be used for 
tumor excision and thrombectomy. Extension above 
this level necessitates an intrathoracic approach, which 
requires intraoperative cardiopulmonary bypass. 

Although venous extension of tumor thrombus 
is well demonstrated with standard spin-echo T1- 
weighted images, on which flowing blood appears black 
because of signal void, low-flip-angle gradient-echo 
scans enhance the signal of flowing blood. The resulting 
bright blood images are similar in appearance to infe- 
rior vena cavograms and renal vein phlebography; 
thrombus appears as a low-signal filling defect sur- 
rounded by the high signal of flowing blood. 

With MRI, metastatic deposits in the liver and other 
solid viscera can be readily detected and distinguished 
from benign lesions for staging. 

The accuracy of MRI in detecting lymphadenopathy 
is similar to that of CT. However, as with CT, size is the 
only reliable MRI criterion for detecting pathologic 
lymph nodes. MRI has no advantage over CT in evaluat- 
ing RCC involvement of lymph nodes that are normal 
or equivocal in size. 

Distant metastases can be detected by MRI, although 
it has no proven advantage over CT. MRI may be more 
sensitive than CT in the detection of unsuspected bony 
metastases because of its exquisite bone-marrow 
imaging capability. 

Sonography is less accurate than either CT or MRI 
for staging RCC. US should not be used as the sole 


modality for staging RCC. However, US may be a helpful 
adjunct to other imaging techniques in problematic 
staging cases. The major limitations of US in staging 
RCC are the inability to image the renal vein and the 
subhepatic inferior vena cava reliably, and limited 
detection of abdominal lymphadenopathy. For staging, 
it is mainly used as an adjunct examination when tumor 
extension into the inferior vena cava is detected with 
CT scanning but the exact superior extent of the tumor 
thrombus cannot be determined with CT. In these cases 
US is completely accurate in determining whether 
tumor thrombus extends into the intrahepatic inferior 
vena cava (Fig. 3-32). This portion of the vena cava can 
be visualized with US in 100% of cases. Likewise, tumor 
thrombus in this region is identifiable whenever present. 
Because the level of extension of tumor thrombus 
within the inferior vena cava affects management plan- 
ning, this is an important indication for US evaluation 
of these enigmatic RCCs. Although this area can also 
be evaluated with either MRI or venography, US is the 
most cost-effective technique to resolve this isolated 
staging problem. 


Oncocytoma 


Oncocytomas are benign renal tumors with no meta- 
static potential. Unfortunately, preoperative diagnosis 
is often impossible because imaging characteristics of 
these lesions substantially overlap with those of RCC 
(Box 3-8). In addition, biopsy is of limited value because 
up to 17% of oncocytic tumors, so-called hybrid tumors, 
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Ma§gnetic resonance imaging (MRI) features typical of a papillary renal cell carcinoma (RCC).|A,}|T2 
weighted image shows low signal intensity typical of this tumor subtype, and unlike most clear cell RCCs. B, Contrast- 
enhanced T1 weighted image shows minimal enhancement of this tumor. C,|Out-of-phase chemical shift/image shows 
increased signal intensity in the mass compared to the in-phase image (D) indicating hemosiderin within the mass, 
highly suggestive of renal malignancy. D, In-phase image shows nonspecific features, but is needed for comparison 
with the out of phase image. 


contain both malignant RCC and _ benign-appearing 
oncocytic elements that are indistinguishable from a 
pure oncocytoma. In the imaging of renal masses, one 
goal is to look for histologic findings other than RCC. If 
such findings are present and they suggest the possibil- 
ity of an entity other than RCC, treatment planning 
may be affected. The surgeon can then favor renal- 
sparing surgical techniques. Some imaging features are 
suggestive of oncocytoma. Oncocytomas usually have 
very smooth margins. US findings are nonspecific. 
Oncocytomas are usually isoechoic to the kidney, with 
well-demarcated margins. Masses that exceed 6 cm in 


diameter may have areas of central necrosis. A central 
scar, typical of oncocytoma, may be visible with US. 
With CT or MRI, these lesions appear well circum- 
scribed and have homogeneous enhancement patterns. 
Often the appearance of a pseudocapsule is seen at the 
periphery of the mass. The pseudocapsule is formed 
from renal parenchyma compressed around the edge of 
the mass. As these lesions enlarge, a central, stellate 
scar may be detectable with CT (Fig. 3-33) or MRI. 
Although this scar is typical of oncocytoma, it is 
not diagnostic, and RCC may have an identical appear- 
ance. Another feature that has been described as 
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Axial magnetic resonance imaging scan shows tumor 
thrombus (arrow) in the inferior vena cava above the diaphragm 
from renal cell carcinoma. 


Sonogram demonstrating tumor extension into the 
inferior vena cava. A longitudinal transabdominal sonogram demon- 
strates the upper extent of this renal cell carcinoma (arrows) within 
the intrahepatic inferior vena cava. 


suggestive of oncocytoma on CT and MRI is segmental 
inversion of contrast enhancement. This describes the 
finding of a wedge-shaped area of decreased enhance- 
ment on images obtained shortly after contrast injec- 
tion. Delayed imaging, at approximately 15 minutes, 
shows increased enhancement in this same area. This 
inversion, while originally described as very suggestive 
of a diagnosis of oncocytomas, has also been seen in 


Computed tomography (CT) features typical of renal 
oncocytoma. This contrast-infused CT scan demonstrates a homog- 
enous renal mass with a central stellate scar (arrowheads). While 
this mass was an oncocytoma there is considerable overlap of these 
imaging features with renal cell carcinomas. 


BOX 3-8 Features of Oncocytoma 


Occurs in male patients in the sixth or seventh decade of life 
Solid, expansile renal mass 

Isoechoic or heterogeneous on US 

Homogeneous enhancement with CT 

Pseudocapsule 

Central scar typical in larger lesions 

Spoke-wheel angiographic pattern 


CT, Computed tomography; US, ultrasonography. 


RCCs and is thus unreliable. Angiography may be 
obtained before attempting renal-sparing surgery. The 
typical angiographic pattern of an oncocytoma is the 
spoke-wheel pattern, with circumferential vessels at 
the periphery of the lesions and feeding vessels pene- 
trating to the avascular central scar (Fig. 3-34). These 
tumors lack the bizarre tumor vascularity often seen 
with RCC. A renal mass with these features may be an 
oncocytoma, but RCC, especially a chromophobic RCC, 
can have identical imaging findings. Thus a renal mass 
with some, or all, of these features should be considered 
a likely malignant renal mass, meaning that imaging 
features are inadequate to confirm a benign mass. At 
best, the presence of some of these imaging features 
may suggest the possibility of an oncocytoma and may 
favor an attempted renal-sparing resection or active 
surveillance approach to treat tumor. At the time of 
surgery, histological assessment of multiple areas within 
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BOX 3-9 Features of Cystic Nephroma 


Approximately 50% in boys under the age of 3 
Approximately 50% in female patients over the age of 40 
Expansile, multiloculated cystic renal mass 

Herniation into collecting system is common 

Enhancing septa with CT 

Absence of hemorrhage 

Hypovascular or avascular with arteriography 


CT, Computed tomography. 


FIGURE 3-34 Typical angiographic features of an oncocytoma. Note 
the “spoke wheel” angiographic pattern. A rim of blood vessels 
(arrows) outlines the mass and radially arrayed vessels penetrate the 
mass centrally. A relatively avascular stellate scar is centrally located 
(arrowheads). 


the mass can confirm the diagnosis of oncocytoma. If 
malignant elements indicating an RCC are found, partial 
or radical nephrectomy can be completed, as needed. 


Cystic Nephroma 

Also known as multilocular cystic nephroma (MLCN), is 
an interesting benign renal mass that occurs 
uncommonly. Epidemiologically, these lesions have 
biphasic peaks of occurrence; approximately half of these 
lesions occur in boys under the age of 3, and the other 
half of these lesions occur in middle-aged adults, mostly 
women (Box 3-9). These tumors, which arise from 
primitive metanephric blastema, are smooth masses with 
innumerable septations and locules of fluid. The septa 
within an MLCN may be visible with IVU. MLCNs have a 
predilection to herniate into the renal pelvis from the 
renal parenchyma. In fact, this herniation is very 
characteristic of MLCN. With US, these masses appear 
multiloculated with numerous sonolucent areas with 
interspersed echogenic septations (Fig. 3-35). With CT or 
MRI, MLCNs appear as well-defined masses with visible 
septations (see Fig. 3-35). The septations usually enhance 


BOX 3-10 Causes of Multilocular Cystic 
Renal Masses 


COMMON 


Renal cell carcinoma 
Cystic nephroma 
Septated renal cyst 
Renal abscess 


UNCOMMON 


Segmental multicystic dysplastic kidney 
Wilms’ tumors 


RARE 

Focal xanthogranulomatous pyelonephritis 
Malacoplakia 

Localized renal cystic disease 
Echinococcosis 

Arteriovenous malformation or fistula 


with intravascular contrast injection. Internal hem- 
orrhage is characteristically absent in these benign 
tumors. MLCNs are hypovascular or avascular. As with 
oncocytomas, these tumors have characteristic fea- 
tures, none of which, however, reliably distinguishes 
them from RCC. Therefore at best, one can suggest the 
diagnosis preoperatively, so that renal-sparing surgery 
may be attempted in some cases. 

When a multiloculated cystic renal mass is detected, 
MLCN should come to mind. Other diagnoses should 
be considered as well (Box 3-10). These include cystic 
RCC (Fig. 3-36), segmental multicystic dysplastic 
kidney (MDK), localized renal cystic disease (LRCD), 
and renal abscess. Of these, RCC is the most common. 
Multilocular cystic RCC is indistinguishable from a 
benign mass preoperatively. Demographically, RCC 
usually occurs in later stages of life, and are more 
common in men than in women. A cystic RCC often 
contains solid areas of contrast-enhancing tissue. In 
addition, cystic RCCs may show other evidence of 
malignancy, including intratumoral hemorrhage, exten- 
sive neovascularity, and marginal irregularity. RCC 
grows by expansion but does not characteristically 
extend into the lumen of the renal pelvis, as does MLCN. 
Segmental MDK is a rare localized form of MDK. It is 
seen segmentally only when renal duplication is present. 
As with other forms of MDK, the involved area is non- 
functional or minimally functional. The normal renal 
parenchyma is replaced with cystic areas because of 
failure of induction of maturation of the primitive meta- 
nephric blastema. The cysts usually vary in size and are 
randomly spread throughout the involved area. The 
presence of a duplication anomaly and absence of hem- 
orrhage, function, and contrast-enhancing solid compo- 
nents help to distinguish MDK from cystic RCC. LRCD 
is a rare cause of a multiloculated renal mass that may 
mimic an MLCN. It is caused by the development of 
numerous simple renal cysts in a focal area of one 
kidney. This condition is idiopathic and nonfamilial. 
The collection of cysts appears tumefactive because it 
is localized, but a close observation of CT or MR images 
reveals a nonencapsulated cluster of cysts with 
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Imaging features of renal cystic nephroma. Features are 
typical, but not diagnostic of this tumor as renal cell carcinoma can have 
identical features. |A,] Sonogram of a renal cystic nephroma (arrows) 
shows numerous cystic locules with interspersed (echogenic) septations. 
B, Contrast-enhanced computed tomography in a different patient shows 
this cystic nephroma with typical features including enhancing 
septations and herniation into the right renal sinus. C, T2 weighted 
coronal magnetic resonance imaging scan shows this same large cystic 
nephroma with innumerable septations and renal sinus herniation. 
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interspersed functioning renal parenchyma. The 
remainder of the affected kidney and the entire contra- 
lateral kidney are normal. The imaging key to the diag- 
nosis of this nonprogressive, benign entity is recognition 
that it is a cluster of multiple cysts rather than a single 
multiloculated cystic tumor. Usually at least one cyst is 
separated from the cluster by normal renal tissue. This 
finding, in addition to the lack of other abnormalities 
in the remainder of the ipsilateral and the contralateral 
kidneys, strongly suggests a diagnosis of LRCD. 


Renal Abscess 


Renal abscesses usually result from inadequate treat- 
ment of pyelonephritis, which leads to central 


FIGURE 3-36 Magnetic resonance imaging scans 


illustrate the inability to distinguish benign from 
malignant_multi-locular cystic renal masses with 
imaging. T2 weighted scan shows bilateral cystic 
renal masses with >4 septations. Small mass (arrow) in 
right kidney is a renal cell carcinoma and larger mass in 
the left kidney is a cystic nephroma, a benign tumor. 
The imaging features are indistinguishable. B, Contrast- 
enhanced scan shows the small cystic renal cell 
carcinoma (arrow) with multiple thin enhancing septa 


(Bosniak NI} C, Contrast-enhanced image shows 
identical features for this larger cystic nephroma 
(arrows) in the left kidney. 


liquefaction and formation of a discrete intrarenal 
abscess. A majority of patients with a renal abscess 
have persistent clinical symptoms following standard 
antibiotic therapy for pyelonephritis. Although imaging 
is not typically used in the evaluation of routine pyelo- 
nephritis, renal infections with clinical symptoms that 
continue beyond 72 hours despite appropriate antibi- 
otic management should suggest the possibility of renal 
abscess. CT is the best modality for diagnosis of renal 
abscesses because some small abscesses are undetect- 
able with US. Abscesses, when visible, appear as thick- 
walled cystic masses on US (Box 3-11). With US, lesions 
usually have mixed echogenicity and less through- 
sound transmission than do simple cysts of comparable 
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BOX 3-11 Features of Renal Abscess 


Clinical evidence of infection 

Hypoechoic with less through-sound transmission than cyst 
Thick wall with rim enhancement on CT 

Perinephric inflammatory changes 

Wall enhancement 


CT, Computed tomography. 


~— a 


FIGURE 3-37 Computed tomography (CT) of a renal abscess. Two 
contiguous CT slices through a left renal abscess (arrows). This 
cystic mass is very irregular and the kidney demonstrates numerous 
heterogeneous areas of enhancement (arrowheads) typical of pyelo- 
nephritis in association with this renal abscess. 


size. With CT, abscesses appear as rounded, well- 
defined, low-density masses with central liquefaction 
(Fig. 3-37). These lesions usually have a thick periph- 
eral wall if they extend beyond the confines of the renal 
capsule, and perinephric signs of inflammation, includ- 
ing septal thickening and perinephric fluid. With con- 
trast material injection, there is substantial rim 
enhancement around the abscess. Occasionally, gas is 
evident within an abscess, a finding that is diagnostic 
of abscess in this clinical setting. The presence of a 
renal abscess larger than 3 cm generally indicates the 
need for percutaneous drainage in conjunction with 
systemic antibiotic management. It is imperative that 
ureteral obstruction, if coexistent, also be treated to 
improve renal blood flow and antibiotic delivery to the 
renal parenchyma. 


Focal Xanthogranulomatous Pyelonephritis. Tumefac- 
tive or focal XGP results from a focal area of renal 


BOX 3-12 Features of Focal Xanthogranulomatous 
Pyelonephritis 
Middle-aged female patients with recurrent 
infections 


Infection-based stones are common 


urinary 


Focal hypofunctioning renal mass 


FIGURE 3-38 Focal xanthogranulomatous pyelonephritis. This 
contrast-infused computed tomography scan of an elderly woman 
with chronic urinary tract infections demonstrates an inhomoge- 
neous mass (arrows) in the upper pole of the right kidney. A stone 
(arrowhead) is centered in this renal mass. There is adjacent thick- 
ening of perinephric septa. 


inflammation. Typically, XGP occurs with chronic 
infection—based stone disease and urinary infection 
(Box 3-12). All forms of XGP occur much more often 
in women than in men. In some patients, lipid-laden 
histiocytes focally infiltrate and replace the involved 
renal parenchyma. As a result, focal inflammatory renal 
masses may form and mimic malignancy. Ipsilateral 
renal stones are evident in at least 80% of these patients. 
The inflammatory masses formed by tumefactive XGP 
are nonfunctional, although some enhancement may 
occur with contrast injection. A history of chronic 
urinary tract infection is typical and may suggest the 
etiology of these masses. No imaging characteristics are 
diagnostic of focal XGP. With US, this mass may have 
increased echogenicity owing to the innumerable lipid- 
laden macrophages that constitute the mass. On CT, 
focal XGP appears as a nonspecific solid or cystic renal 
mass, often in association with a renal calculus (Fig. 
3-38). Perinephric inflammatory changes often coexist 
with XGP. Typical history and the aforementioned 
imaging features may suggest the diagnosis of focal XGP 
preoperatively. These lesions are irreversible and are 
best treated with renal-sparing surgery. 


Renal Metastases 


Rarely, a solitary renal metastasis or solitary focus of 
renal lymphoma may occur. In a patient with known 


Renal Masses 89 


extrarenal malignancy, percutaneous biopsy or surgical 
biopsy is usually necessary to distinguish RCC from a 
solitary metastasis. Primary sources that account for 
most renal metastases are carcinoma of the breast, 
lung, or gastrointestinal tract, or malignant melanoma. 
In addition, lymphoma commonly spreads to the 
kidneys, but true primary renal lymphoma is extremely 
rare. Most patients in whom lymphoma spreads to the 
kidney have known and extensive lymphoma elsewhere 
(Box 3-13). Lymphoma involves the kidneys in approxi- 
mately 5% of all lymphoma patients. Because of its 
growth along lymphatics, lymphoma has a predilection 
for spread directly from the retroperitoneum into the 
renal sinus (Fig. 3-39) and perinephric space (Fig. 3-40) 
concurrently with parenchymal invasion. 

Lymphoma involving the renal parenchyma has the 
following three patterns: a solitary mass, diffuse infiltra- 
tion, and multiple solid masses. The most common 
pattern of renal metastases from lymphoma is that of 
multiple homogeneous parenchymal implants (Fig. 


BOX 3-13 Features of Renal Lymphoma 


Usually with systemic lymphoma 

Usually bilateral 

Multifocal, diffuse, or focal pattern 

Hypoechoic and may have through-sound transmission 
Often with massive lymphadenopathy 


Retroperitoneal lymphoma spreading into the peri- 
nephric space. This contrast-infused computed tomography from a 
patient with non-Hodgkin’s lymphoma demonstrates a retroperito- 
neal mass (arrows) arising adjacent to the aorta, encasing the renal 
vessels, and spreading into the renal sinus and the renal parenchyma. 
This pattern is very suggestive of lymphoma. 


Perinephric involvement from lymphoma. This 
contrast-infused computed tomography scan demonstrates irregular 
soft tissue masses (arrows) encasing both kidneys. The perinephric 
space is a favorite area of spread for lymphoma. 


3-41), typical of a hematogenous spread pattern. The 
second most common appearance with renal lymphoma 
is that of diffuse infiltration of the kidney. This is usually 
a bilateral process, which leads to reniform enlarge- 
ment (Fig. 3-42) and diminished function of the kidney. 
This pattern can also be seen with renal involvement 
from leukemia. A solitary renal lymphoma metastasis 
in a patient with lymphoma is the least common pattern 
of spread to the renal parenchyma. When present, a 
solitary renal lymphoma metastasis usually appears as 
a homogeneous solid mass that can mimic an RCC. 
The lymphoma metastases with all three patterns 
share some common features. The masses are solid, 
often homogeneous on cross-sectional imaging studies, 
and they do not enhance brightly, unlike many RCCs 
that are hypervascular. Sonographic features are often 
typical of renal lymphoma, regardless of its distribution 
in the kidney. Because lymphoma masses are formed 
from a proliferation of a monoclonal line of cells that 
form a densely packed homogeneous mass, with US the 
masses are usually homogeneous and hypoechoic or 
anechoic, with no acoustic enhancement. This appear- 
ance should not be confused with the similar yet dis- 
tinctive appearance seen with simple cysts, which 


Contrast-enhanced computed tomography shows 
multifocal renal lymphoma with multiple, hypo-enhancing homoge- 
neous bilateral infiltrating masses that do not deform the renal con- 
tours. These features are typical of lymphoma metastases to the 
kidneys. 


Diffuse infiltration of the kidneys from lymphoma. 
This uninfused computed tomography demonstrates massive reni- 
form enlargement of both kidneys secondary to lymphoma infiltra- 
tion. The kidneys are homogeneous with loss of normal architectural 
patterns. 
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FIGURE 3-43 Massive retroperitoneal lymphadenopathy with asso- 
ciated renal metastases. This contrast-infused computed tomography 
demonstrates multiple homogeneous renal masses (arrowheads) due 
to lymphoma. In addition, there is massive retroperitoneal lymphade- 
nopathy (arrow). This degree of lymphadenopathy is very typical of 
lymphoma and its presence implies the etiology of the renal masses. 


BOX 3-14 


Features of Angiomyolipoma 


80% in adults (usually female patients), in the fourth and fifth 
decades of life 

20% in patients with tuberous sclerosis 

Well-defined, hyperechoic mass 

Fat, even small amounts, diagnostic with CT 

Neovascularity with aneurysms on arteriography 

Unlikely to bleed if <4 em 


CT, Computed tomography. 


exhibit considerable augmentation of through-sound 
transmission. As lymphomas grow, they typically 
become more heterogeneous with internal areas of 
necrosis. In any case, renal lymphoma is often associ- 
ated with coexistent retroperitoneal lymphadenopathy. 
The lymphadenopathy may be massive (Fig. 3-43) and 
should suggest lymphoma rather than RCC in a patient 
with a solitary renal mass. Massive lymphadenopathy 
is uncommonly associated with RCC. Otherwise, in the 
rare case of a solitary renal mass found to be lym- 
phoma, preoperative diagnosis will be impossible based 
on imaging characteristics alone, but image-guided 
biopsy is usually diagnostic. 


Angiomyolipoma 

The AML is important as it is one of the few renal 
masses that can potentially be diagnosed definitively 
based on imaging features (Box 3-14) alone. AMLs are 
not rare and most are asymptomatic and discovered 
incidentally. Approximately 80% of AMLs occur in 
middle-aged adults, with a significant female predisposi- 
tion. In this population, the lesions are usually small, 
solitary, and asymptomatic. The remaining 20% of 
patients with AMLs have TS, a syndrome that is 
described in detail later in this chapter. In these patients, 
renal AMLs are quite common, developing in approxi- 
mately 80% of the cases. The AMLs in these patients 
are usually multiple, bilateral tumors that commonly 
attain a large size and often cause symptoms (see Fig. 


FIGURE 3-44 Hypervascular angiomyolipoma (AML) with aneu- 
rysms on feeding vessels. This patient with tuberous sclerosis had a 
massive right-sided AML. This arteriogram demonstrates diffuse neo- 
vascularity with aneurysms (arrowheads) on several of the feeding 
vessels. This angiographic pattern is typical of AMLs. 


3-22). AMLs associated with TS are usually detectable 
before the fourth decade of life, earlier than isolated 
AMLs unassociated with TS. 

Although AMLs may become symptomatic, they are 
benign hamartomas. Pathologically, a hamartoma is a 
lesion in which abnormal proliferation of normal tissue 
occurs. AMLs are made up of varying proportions of 
angioid, myoid, and lipoid components. Some AMLs 
contain a large angioid component (i.e., they are hyper- 
vascular). Typically, small aneurysms develop in some 
of the arteries feeding an AML (Fig. 3-44). This finding 
suggests the diagnosis of AML, but it can also occur with 
other tumors, including RCC. The aneurysms predis- 
pose AML patients to spontaneous hemorrhages and the 
hemorrhaging may be massive and life threatening. 
Other symptoms may be caused purely by mass effect 
when an AML compresses adjacent structures. 

Because most AMLs are detected incidentally, proto- 
cols have been developed to determine which of these 
lesions require prophylactic embolization or excision. 
A general rule of thumb states that AMLs smaller than 
4cm in diameter rarely become symptomatic and 
should be followed with sonographic evaluation every 
6 to 12 months. Because AMLs larger than 4 cm in 
diameter increase the risk of hemorrhage, they are 
often embolized or excised surgically. If AMLs are not 
amenable to renal-sparing surgery or devascularization 
by embolization, sonographic monitoring may be used 
to detect AML enlargement or development of compli- 
cating features that would necessitate nephrectomy. 

In the diagnosis of AML with imaging techniques, 
intratumoral fat is the key component for diagnosis. At 
least 95% of AMLs contain fat that is detectable with 
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Sonography and computed tomography (CT) of an angiomyolipoma (AML).|A,|]Transverse sonogram 
shows a hyperechoic right renal mass (arrow). This could be an AML or a renal cell carcinoma. B, Longitudinal 
sonogram confirms the hyperechoic mass (arrow). C, Non-contrast CT shows the mass (arrow), which measures -66 


HU, contains fat indicative of an AML, a benign tumor. 


thin-section CT or MRI. The detection of fat within a 
mass that arises in the kidney (Fig. 3-45) is considered 
diagnostic of AML. Other features supporting the diag- 
nosis of an AML are the presence of enlarged or aneu- 
rysmal vessels within the tumor. Isolated cases of RCC, 
Wilms’ tumors, and oncocytoma with intratumoral fat 
have been reported. In some of these cases the neo- 
plasm has engulfed fat in the renal sinus or perinephric 
space, rather than contained fat as an intrinsic compo- 
nent of the tumor. Liposarcomas rarely can arise from 
the renal capsule and may contain mature fat. Besides 
being rare, these usually occur in older patients, are 
very large at the time of diagnosis, and are centered at 
the renal capsule or in the perinephric space rather 
than being intraparenchymal like an AML. These 
tumors may displace or compress the kidney but a site 
of origin in the kidney is not detectable. These are also 
hypovascular tumors without enlarged internal vessels 
or aneurysms. These cases are rare, and most authori- 
ties agree that renal parenchymal tumors containing fat 
should be diagnosed as AMLs based on imaging features 
alone. The detection of intratumoral fat in a renal lesion 
is the only radiologic finding that can differentiate an 


AML from an RCC. Therefore efforts must be made to 
detect small foci of fat in renal tumors with otherwise 
nonspecific imaging features, thereby avoiding unnec- 
essary surgery in patients with small, asymptomatic 
AMLs. Thin-section (<2.5 mm) noncontrast CT scan- 
ning optimizes the detection of intratumoral fat. In 
difficult cases, CT pixel mapping (Fig. 3-46) over a 
region of interest that has an appearance suggestive of 
fat within the tumor may be useful to confirm small 
quantities of fat. With pixel mapping, three to six con- 
tiguous pixels with negative Hounsfield unit averaging 
below 10 HU indicate intratumoral fat and a diagnosis 
of AML. 

MRI can also be used to detect fat in a renal neo- 
plasm. Comparing the appearance of the tumor on 
Tl-weighted images without and with fat saturation 
added to the sequence is sensitive for fat detection. 
Macroscopic fat will be bright on standard T1-weighted 
images, and the signal will visibly decrease with fat 
saturation (Fig. 3-47). This differentiates fat from other 
bright T1 materials such as blood and protein-rich fluid, 
the appearance of which will be unaffected by fat- 
saturation sequences (see Fig. 3-47). Other MRI 
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FIGURE 3-46 Pixel mapping to confirm diagnosis of intratumor fat.[A,] Contrast-enhanced computed tomography 
(CT) scan shows a mass with a low-attenuation center in the left kidney. On this contrast-enhanced scan it is difficult 
to determine if the central low attenuation is liquefaction necrosis that would suggest that the mass is malignant, or 
fat, which would lead to a diagnosis of a benign tumor. B, Unenhanced CT scan obtained at a later date, but at the 
same level as (A), shows a low-attenuation area (arrow) in the left kidney. On unenhanced CT scans this focus of 
low attenuation, which is markedly darker than renal parenchyma, strongly suggests the presence of lipocytes. C, On 
this unenhanced CT scan at the same level, a cursor has been placed over the low-attenuation area of the tumor to 
obtain a pixel map of the designated area. D, Table showing the HU for the pixels in the region of interest shown in 
(C). Three contiguous Hounsfield unit measurements between - 20 and - 100 indicate the presence of fat and confirm 


a diagnosis of an angiomyolipoma in this patient. 


features are suggestive of AMLs but they overlap with 
RCCs and are therefore not diagnostic. These features 
include low signal on T2-weighted images and low-level 
enhancement following Gd injection. 

Finally, it is important to recognize that AMLs may 
grow with time. Therefore once intratumoral fat has 
been confirmed with CT or MRI, and if the AML is not 
excised, sonographic follow-up should be performed. 
Approximately one quarter of AMLs less than 4 cm will 
grow during an observation period of 4 years or less. Up 
to 50% of larger AMLs will demonstrate growth during 
a similar observation period. AML enlargement pro- 
gresses more rapidly in patients who also have TS than 
in patients without TS. Although AML usually grows 
quite slowly, growth rates cannot be predicted based on 
initial imaging features. Continued growth of an AML 
may prompt prophylactic excision, even in asymptom- 
atic patients. 


Less than 5% of AMLs will contain no or minimal 
fat that is undetectable with imaging techniques. 
These tumors will be indistinguishable from RCCs with 
imaging studies. Other features that can rarely be seen 
with AMLs are tumor extension into the renal vein and 
the inferior vena cava, and lymph node spread. This 
usually indicates that the AML is the uncommon epi- 
thelioid subtype, which grows more aggressively and is 
usually treated with resection. These features, which 
are much more commonly seen with RCCs, may also 
produce confusion in making the diagnosis of an AML. 


Multiple Expansile Renal Masses 


Multiple primary renal masses (Box 3-15) have the 
same appearance as their solitary counterparts. Other 
clinical features, such as the presence of a coexistent 
syndrome, often lead to the correct diagnosis. 
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Magnetic resonance imaging diagnosis of intratumor 
fat using fat saturation sequence. [A] T1 weighted image shows a 
heterogeneous exophytie mass in the left kidney with internal areas 
of bright signal. B, Fat saturated T1 weighted image shows that the 
high signal is suppressed within the tumor and in surrounding retro- 
peritoneal fat, diagnostic of fat and of angiomyolipoma, a benign 
tumor. 


BOX 3-15 Causes of Multiple Expansile 
Renal Masses 


COMMON 

Idiopathic simple cysts 

Acquired cystic disease of dialysis 

ADPKD and other inherited cortical cystic diseases 


UNCOMMON 


von Hippel-Lindau disease 
Lymphoma 

RCCs 

Metastases 

Tuberous sclerosis 

Familial papillary RCC syndrome 


RARE 


Birt-Hogg-Dube syndrome 
Medullary cystic disease 
Oncocytomas 

Abscesses 


ADPKD, Autosomal dominant polycystic kidney disease; RCC, renal cell 
carcinoma. 


Computed tomography (CT) of autosomal domi- 
nant polycystic kidney disease (ADPKD). This unenhanced CT scan 
through the kidneys demonstrates massive enlargement of both 
kidneys (K). The normal renal parenchyma is completely replaced 
with renal cysts. Some of these cysts demonstrate high attenuation, 
indicating previous complications with internal hemorrhage, or pro- 
teinaceous contents. This radiographic pattern is typical of advanced 
ADPKD. 


Cysts 


Multiple simple renal cysts are seen commonly in 
elderly patients. Usually detected incidentally, these 
cysts are of no clinical significance and are not usually 
associated with detectable renal insufficiency. The 
imaging features of each of these lesions are identical 
to those described earlier for solitary simple cysts. 

Detection of a large number of simple cysts in a 
younger patient suggests an underlying disease state, 
most commonly autosomal dominant polycystic kidney 
disease (ADPKD). Patients with ADPKD usually present 
in the third or fourth decade of life with clinical symp- 
toms such as flank pain, pyelonephritis, hematuria, 
urolithiasis, hypertension, or renal insufficiency. The 
innumerable renal cysts can develop anywhere along 
the nephron and cysts usually vary in size throughout 
the kidney. The diagnosis of ADPKD can be made with 
US, CT (Fig. 3-48), or MRI. CT may be more sensitive 
than US for detecting cysts early in the course of 
ADPKD. Because ADPKD is inherited in an autosomal 
dominant pattern, approximately half of the children of 
an affected parent will develop the disease. This disease 
has a high penetrance rate; that is, the disease develops 
clinically in nearly all people who inherit the gene for 
ADPKD. 

Criteria have been developed for diagnosis of ADPKD, 
in persons genetically at risk due to having a parent 
with ADPKD, before clinical symptoms develop. ADPKD 
should be the presumptive diagnosis if renal US dem- 
onstrates two or more cysts in both kidneys in an 
at-risk person under the age of 30. Two or more renal 
cysts in each kidney are indicative of ADPKD in at-risk 
patients who are between 30 and 60 years of age. 
Patients over the age of 60 with ADPKD will have at 
least four detectable renal cysts in each kidney. The 
risk of renal malignancy does not appear to be increased 
in these patients. However, extrarenal abnormalities 
are quite common. Cysts of other abdominal viscera are 
most frequent; up to 50% of these patients have coex- 
istent simple cysts in the liver (Fig. 3-49). Less common 
sites of cysts are the pancreas, adnexa, spleen, or even 
the lung parenchyma. Up to 15% of these patients have 
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FIGURE 3-49 Autosomal dominant polycystic kidney disease with 
liver involvement. Extensive renal cysts are present. As is common 
in these patients, there are numerous simple cysts in the liver. 


berry aneurysms in their central nervous system circu- 
lation. In addition, the incidence of valvular heart 
disease and coarctation of the aorta appears to be 
increased in ADPKD patients. 

Cysts detected predominantly in the medulla of the 
kidney, with sparing of the outer cortex, suggest a dif- 
ferent entity: medullary cystic disease, which is char- 
acterized by progressive salt-wasting nephropathy 
with renal insufficiency. Another variety of this entity 
is juvenile nephronophthisis, which usually develops 
during childhood or the early teens. These related dis- 
eases inevitably lead to irreversible renal failure result- 
ing from progressive tubular atrophy. 

Multiple simple renal cysts have been described in 
association with numerous syndromes of multiple mal- 
formations. Some of these are listed in Box 3-16. 


Multiple Renal Masses: Cystic and Solid 


Several diseases are associated with the development 
of renal neoplasms and renal cysts. These include VHL 
disease, acquired cystic disease of dialysis, and TS. 


von Hippel-Lindau Disease. RCC develops in 40% of 
patients with VHL disease. In three quarters of these 
patients, multifocal RCC develops. In addition, up to 
75% of VHL patients have simple renal cysts. Charac- 
teristically, these patients also develop hemangioblas- 
tomas of the central nervous system (Fig. 3-50). These 
are benign, slow-growing tumors of the cerebellum or 
the spinal cord. Retinal angiomas are another compo- 
nent of VHL disease. The coexistence of multiple RCCs 
and simple renal cysts (Fig. 3-51) strongly suggests the 
diagnosis of VHL. In addition, multiple pancreatic cysts 
and pancreatic cystic neoplasms occur in up to 50% of 
VHL patients. These pancreatic cysts may be extensive, 
replacing most of the pancreas. In some cases, pancre- 
atic insufficiency and diabetes mellitus result. Pancre- 
atic cysts are uncommon in other diseases affecting the 
kidneys. Pancreatic cysts can occur in patients with 
ADPKD, but cysts in both the kidneys and the liver 
almost always accompany these. Pancreatic cysts 


BOX 3-16 Syndromes Associated with Multiple 


Renal Cysts 


Acro-renal-mandibular syndrome 

Apert syndrome 

Beckwith-Wiedemann syndrome 

Brachmann-de Lange syndrome 

Caroli syndrome 

Cerebrocostomandibular syndrome 
Chondrodysplasia punctata 

Congenital rubella 

Cutis laxa 

Deletion of long arm of chromosome 13 
DiGeorge syndrome 

Duplication of long arm of chromosome 10 
Duplication of short arm of chromosome 10 
Ectromelia-ichthyosis syndrome 

Ehlers-Danlos syndrome 

Elajalde syndrome 

Goldenhar syndrome 

Goldson syndrome 

Hajdu-Cheney syndrome 

Asphyxiating thoracic dystrophy (Jeune syndrome) 
Kaufman-McKusick syndrome 

Laurence-Moon or Bardet-Biedl syndrome 
Mainzer-Saldino syndrome 

Marden-Walker syndrome 

Meckel-Gruber syndrome 

Miranda syndrome 

Myotonic dystrophy 

Nail-patella syndrome 

Noonan syndrome 

Oculorenal syndrome 

Oral-facial-digital syndrome, type 1 (Gorlin syndrome) 
Roberts syndrome (pseudothalidomide syndrome) 
Schwartz-Jampel syndrome 

Senior-Loken syndrome 

Simopoulos short rib-polydactyly syndrome 
Spherocytosis 

Translocation syndrome 

Triploidy 

Trisomy 13-15 (Trisomy D) (Patau syndrome) 
Trisomy 16-18 (Trisomy E) (Edwards syndrome) 
Trisomy 21 (Down syndrome) 

Tuberous sclerosis 

Turner syndrome 

von Hippel-Landau disease 

Zellweger syndrome (cerebrohepatorenal syndrome) 


Adapted from Hartman DS. An overview of renal cystic disease. In: Hartman 
DS, ed. Renal cystic disease. Philadelphia: WB Saunders; 1989. 


without coexisting liver cysts in patients with renal 
cysts strongly suggest the diagnosis of VHL rather than 
ADPKD. In patients with VHL, simple cysts may develop 
in other abdominal viscera including the liver, and 
spleen as well. Other neoplasms that may develop in 
patients with VHL are pheochromocytomas, hepatic 
adenomas, pancreatic adenocarcinomas, islet cell 
tumors, pancreatic microcystic adenomas, and papil- 
lary cystadenomas of the epididymis. Of these, pheo- 
chromocytomas are the most common. They occur 
in up to 15% of these patients. Fifty to eighty percent 
of VHL patients who have pheochromocytomas 
will have multiple, often bilateral, and extraadrenal 
pheochromocytomas. 
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Hemangioblastomas of the cerebellum in a patient 
with von Hippel-Lindau disease. This sagittal magnetic resonance 
imaging scan demonstrates a cystic mass (arrow) in the cerebellum. 
There is a brightly enhancing mural nodule (arrowhead) in this 
mass. These features are typical of hemangioblastoma. 


Renal cell carcinomas, cysts, and pancreatic cysts in 
a patient with von Hippel-Lindau disease (VHL). This contrast 
infused CT scan demonstrates numerous pancreatic cysts (arrows). 
Cystic renal lesions are noted in association with multiple renal cell 
carcinomas (arrowheads). This constellation of abnormalities is 
typical of VHL. 


Acquired Cystic Disease of Dialysis. Up to 7% of 
patients undergoing long-term dialysis will develop 
RCC. The development of RCC usually follows the 
development of cystic disease of the kidneys (Fig. 3-52 

seen in association with renal insufficiency and tong 
term dialysis. Dysplastic cells are believed to line the 
margins of many of these acquired cysts and lead to a 
predilection for the development of RCC. The radio- 
graphic features of RCC (Fig. 3-53) in dialysis patients 
are identical to those seen elsewhere. Owing to the 
underlying medical renal disease and cyst formation, 
RCGs can be difficult to detect. Detection often requires 
meticulous scanning technique and contrast-enhanced 
CT or MRI. Most RCCs that develop in these patients 
have a low metastatic potential. Because of the less 


Acquired cystic disease of dialysis. This contrast- 
infused CT scan demonstrates innumerable simple cysts spread 
throughout both kidneys. This patient developed these cysts following 
the initiation of hemodialysis. 


Renal cell carcinomas (RCCs) in a longstanding peri- 
toneal dialysis patient. Contrast-enhanced computed tomography 
shows bilateral renal masses (arrows), that de-enhanced > 20 HU on 
delayed images (not shown), consistent with RCCs. The kidneys are 
severely atrophic due to chronic renal insufficiency and dialysate 
from peritoneal dialysis is present. 


aggressive behavior of these RCCs and the limited life 
expectancy of patients undergoing dialysis, the clinical 
significance of the need for removal of these RCCs has 
been the subject of some controversy. In the author’s 
opinion, because the clinical course of these tumors is 
unpredictable, nephrectomy or a tumor ablation tech- 
nique should be undertaken unless the patient’s life 
expectancy is very limited. 


Tuberous Sclerosis. Renal abnormalities that are seen 
with TS have been described earlier. Eighty percent of 
these patients develop renal AMLs, which are usually 
multiple and bilateral. The AMLs can coexist with renal 
cystic disease in patients with TS. In a subset of 
these patients, usually those in whom TS is diapnoned 
ene childhood, innumerable renal cysts develop (Fig 

-54) without associated renal AMLs. The radigariphic 
appearance of these kidneys mimics the appearance of 
ADPKD but that disease is not a part of the family 
history, and other signs of TS are usually present. In 
addition, the degree of cystic involvement of the kidneys 
in these children is often greater than would be antici- 
pated for ADPKD patients of the same age. 
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FIGURE 3-54 Renal cystic disease in an 8-year-old child with tuber- 
ous sclerosis. A contrast-infused computed tomography through the 
kidneys of this child demonstrates innumerable bilateral simple renal 
cysts. No angiomyolipomas were detected. In a subset of patients with 
tuberous sclerosis, renal abnormalities similar to those seen with 
polycystic kidney disease develop. 


FIGURE 3-55 Calcified periventricular hamartomas in a patient 
with tuberous sclerosis. This unenhanced computed tomography 
scan demonstrates periventricular calcifications (arrowheads) 
typical of the calcified cerebral hamartomas seen in patients with 
tuberous sclerosis. 


TS is an autosomal dominant disorder, and patients 
usually have the clinical triad of adenoma sebaceum, 
seizures, and mental retardation, however, the triad 
may not be fully expressed. Adenoma sebaceum is a 
multifocal wartlike lesion that occurs in a malar distri- 
bution on the face. Seizures and mental retardation in 
patients with TS usually result from central nervous 
system damage caused by cerebral hamartomas. These 
appear as periventricular calcifications (Fig. 3-55) on 
central nervous system imaging studies. Rarely, these 
hamartomas undergo malignant transformation into 
giant-cell astrocytomas, lesions characteristically asso- 
ciated with TS. There is an increased risk of RCC in 
patients with TS. Other manifestations include a 


discolored skin lesion known as a shagreen patch, 
cardiac rhabdomyomas and rhabdomyosarcomas, mul- 
tiple skeletal osteomas, and pulmonary lymphangioleio- 
myomatosis. This particular pulmonary abnormality 
results in increased interstitial lung markings, recur- 
rent chylous pleural effusions, and recurrent pneumo- 
thoraces. Although TS is rare, its protean manifestations 
increase the likelihood of an imaging encounter with 
these patients. 


Other Multifocal Renal Masses 


Other causes of multiple ball-shaped renal masses 
are multiple RCCs, metastases, lymphoma, multiple 
abscesses, and multiple oncocytomas. All of these are 
somewhat less common than the previously described 
entities. A second RCC can be found in 2% of RCC 
patients unless VHL, other RCC-prone syndromes, or 
acquired cystic disease of dialysis is present. In these 
subgroups the risk of multiple RCCs is higher. The risk 
of multiple RCCs also appears to be higher in patients 
with RCCs of papillary histology. Multiple abscesses are 
typically seen in immunosuppressed patients, intrave- 
nous drug abusers, or patients with bacterial endocar- 
ditis who develop multiple septic emboli. Several cases 
of multiple oncocytomas have been reported in the 
literature. These lesions are virtually indistinguishable 
from multiple RCCs and while sometimes associated 
with the rare Birt-Hogg-Dube syndrome, most occur 
without any known syndrome. The presence of a central 
stellate scar in these renal tumors may suggest this 
diagnosis preoperatively. Most renal metastases lead to 
multiple infiltrative masses, but some grow in an exo- 
phytic pattern. Metastases to the kidney from colon 
carcinomas are particularly likely to grow as large exo- 
phytic masses. The multiplicity of these lesions in con- 
junction with the usual history of a known primary 
malignancy should confirm a diagnosis of secondary 
renal neoplasms. Percutaneous fine-needle or core 
biopsy can be performed safely if histological confirma- 
tion is required before treatment. Renal metastases 
usually occur in patients with advanced malignant 
disease, and treatment of the renal lesions may be 
unnecessary. Infiltrative metastases are discussed in 
the next section of this chapter. 


Geographic Infiltrating Renal Masses 


Although the detection and characterization of expans- 
ile renal masses is a relatively straightforward task, 
geographic infiltrating lesions are usually more prob- 
lematic. Early in the growth of expansile masses, renal 
contour deformity occurs, but the fact that infiltrating 
lesions lead to little or no contour deformity makes 
their detection more difficult. In addition, the consider- 
able amount of overlap in the radiographic appearance 
among various infiltrating lesions makes their classifi- 
cation more challenging. 

Geographic infiltrating renal masses may be unifocal 
or multifocal. In general, these masses are difficult or 
impossible to detect with standard radiography, urogra- 
phy, or US. In addition, they are often undetectable 
unless intravenous contrast material is used with CT 
scanning. By whichever modality they are detected, 
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these lesions, by definition, maintain the reniform 
shape of the kidney and have an ill-defined interface 
between the lesion and normal renal parenchyma. 
These imaging characteristics have been shown to cor- 
relate with histological findings of infiltration of the 
renal parenchyma, distinctly different from an expans- 
ile growth pattern. Therefore a lesion that appears to 
be infiltrative with CT or MRI is generally confirmed as 
such on histological examination. Not all of these lesions 
are neoplasms, and infiltration may be due to edema, 
hemorrhage, or inflammation. Although imaging 
features of these lesions may imply or even strongly 
indicate a particular diagnosis, many cases remain 
enigmatic. 

Percutaneous biopsy should be used cautiously in 
these patients for two major reasons. First, a substantial 
number of these lesions are due to urothelial neoplasms, 
such as TCC. These tumors have a tendency to seed 
biopsy tracts, thereby leading to extrarenal spread of 
the neoplasm. Second, fine-needle biopsy of non- 
neoplastic infiltrating geographic lesions may yield non- 
diagnostic samples that do not contribute to a final 
diagnosis. Renal infarction, inflammation, and some 
renal neoplasms, such as lymphoma, may be difficult 
or impossible to diagnose with fine-needle aspiration or 
percutaneous core biopsy. Therefore imaging features 
and their implications for the diagnosis may be crucial 
for management of disease in these patients. 

Geographic infiltrating renal masses are grouped into 
three major categories of lesions: infiltrating neoplasms, 
inflammatory lesions, and infarctions. When these 
lesions are detected, additional clinical information 
may be crucial in determining the correct diagnosis. 


Infiltrating Neoplasms 


Neoplasms that infiltrate the renal parenchyma, utiliz- 
ing the structural scaffolding of the kidney for growth, 


include TCC, SCC, infiltrative RCC, renal medullary 
carcinoma, renal lymphoma, and some renal metasta- 
ses. Except for lymphoma and metastases, these tumors 
are nearly always solitary and unilateral. Urothelial 
neoplasms, including TCC and SCC, that arise in the 
intrarenal collecting system spread into the kidney 
parenchyma in 25% of cases. Although most TCCs in 
the collecting system have a papillary, expansile growth 
pattern, once these lesions invade the renal paren- 
chyma they universally spread by infiltration. Ninety 
percent of urothelial neoplasms are due to TCC, and 
the remaining 10% are due to SCC. Renal medullary 
carcinoma, collecting duct carcinoma, and infiltrative 
RCC are uncommon or rare. Although only TCC and 
SCC arise in the renal collecting system, all four of 
these neoplasms tend to invade calyces and lead to 
overlapping features when imaged with urography or 
retrograde pyelography. Urographic findings typical of 
infiltrating neoplasms include radiolucent intraluminal 
filling defects attributable to tumor (Fig. 3-56) or blood, 
and amputated (see Figs. 3-7 and 3-56) or obliterated 
calyces resulting from malignant infundibular strictur- 
ing. With cross-sectional imaging, TCC and SCC are 
usually soft-tissue masses (see Fig. 3-56) centered 
within the renal sinus, sometimes with a prominent 
component infiltrating the parenchyma. These cen- 
trally located neoplasms are often heterogeneous but 
contain calcifications in fewer than 2% of cases. The 
soft-tissue component in the renal sinus obliterates and 
displaces intervening fat to blend imperceptively with 
the adjacent renal parenchyma. This appearance has 
been described as the faceless kidney (Fig. 3-57) and 
is similar to the appearance seen on CT of a kidney with 
a duplicated collecting system and renal parenchyma 
dividing the renal sinus. This pattern of growth is very 
unusual for RCC. This distinction is important because 
the recommended therapeutic approaches for renal 
TCC and RCC are different. Standard therapy for RCC 


FIGURE 3-56 Transitional cell carcinoma causing calyceal amputation and renal pelvic filling defects. A, A coned- 
down view of the left kidney from an intravenous urogram demonstrates a polypoid mass (arrowheads) extending 
into the renal pelvis. The upper-pole calyces are amputated. B, A computed tomography scan in the same patient 
demonstrates a soft tissue mass (arrows) centered in the renal sinus. At this level the renal sinus is obliterated and 
there is infiltration of the adjacent renal parenchyma. 
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FIGURE 3-57 Extensive infiltration of the left kidney from transi- 
tional cell carcinoma (TCC). This contrast infused computed tomog- 
raphy scan demonstrates extensive infiltration of the lower pole of 
the left kidney from an infiltrating TCC. There is reniform en- 
largement of this portion of the kidney. The kidney has a “faceless” 
appearance with loss of normal architecture and obliteration of the 
renal sinus fat. 


is nephrectomy, whereas renal TCC is treated with 
resection of the entire transitional field involved includ- 
ing nephroureterectomy with resection of a bladder cuff 
surrounding the ipsilateral ureterovesical junction. 

Radiographically, SCC mimics TCC, and the two are 
usually indistinguishable. Clues that may suggest SCC 
preoperatively include the fact that SCC tends to be a 
very aggressive, fast-growing tumor. Therefore rapid 
progression on sequential imaging studies favors a diag- 
nosis of SCC. In addition, SCC develops following meta- 
plasia of the urothelium from transitional epithelium to 
squamous epithelium. This usually results from chronic 
inflammation, often due to nephrolithiasis. In up to 50% 
of renal SCC cases, a coexistent renal calculus is evident 
on imaging studies. Therefore the presence of a renal 
stone in association with a geographic infiltrating renal 
lesion with a large renal sinus component implies the 
diagnosis of SCC. 

Infiltrating RCC is an unusual form of RCC. Unlike 
TCG, infiltrating RCC arises and is centered in the renal 
parenchyma (Fig. 3-58). Unfortunately, these tumors 
often grow to extend into the renal sinus, making them 
radiologically indistinguishable from invasive TCC or 
SCC. As with SCC, these tumors tend to be very aggres- 
sive and have a poor prognosis. One feature that can 
help to distinguish these infiltrating RCCs from other 
infiltrating renal neoplasms is that infiltrative RCCs are 
usually very vascular, whereas urothelial neoplasms, 
metastases, and other geographic infiltrating lesions are 
hypovascular or avascular. Therefore if a solitary infil- 
trating renal lesion is shown to be hypervascular with 
arteriography, it is almost certainly an infiltrative RCC, 
and appropriate surgery can be planned. Unfortunately, 
infiltrating RCC is associated with a high incidence of 
metastases and a very poor prognosis. 

An interesting infiltrating renal neoplasm is the renal 
medullary carcinoma. This neoplasm has only recently 
been described, and it appears to represent a new class 
of renal neoplasm. This tumor arises from the collecting 
tubules of the renal medulla. As with TCC, SCC, and 
the rare collecting duct carcinoma, renal medullary 


FIGURE 3-58 Infiltrating renal cell carcinoma (RCC). A contrast- 
infused computed tomography scan through the right kidney demon- 
strates an infiltrating mass (arrow). The epicenter is within the renal 
parenchyma and the adjacent renal sinus is normal. These features 
are suggestive on an infiltrating RCC. 


FIGURE 3-59 Renal medullary carcinoma. This 10-year-old boy 
with sickle cell disease was found to have a right renal medullary 
carcinoma. At the time of diagnosis, extensive bony and pulmonary 
metastases were present. Radiographically this mass is heteroge- 
neous, is centered near the junction of the renal sinus and renal 
parenchyma, and grows mainly by infiltration with a prominent renal 
sinus component. 


carcinoma appears to arise from elements of the kidney 
originally derived from the ureteric bud. However, these 
tumors have several distinct pathologic and clinical fea- 
tures. Clinically, these tumors arise in young patients 
under the age of 40. They are highly associated with 
sickle cell (SC) trait, and less commonly with hemoglo- 
bin SC disease. They also tend to present at an advanced 
stage with metastatic disease, and therefore have an 
extremely poor prognosis; the mean survival time after 
diagnosis is less than 4 months. Radiographically, these 
lesions are indistinguishable from other infiltrating 
renal neoplasms. These are centrally located, demon- 
strate an infiltrative growth pattern in the renal paren- 
chyma, and often spread into the renal sinus, causing 
encasement or obliteration of the collecting system 
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(Fig. 3-59). However, urothelial tumors are rare in 
patients under the age of 40. Therefore when an infil- 
trating renal mass is detected in a young patient, the 
patient’s race should be established as virtually all renal 
medullary carcinoma patients are black, and evidence 
of SC trait or SC disease should be sought. If present, 
these clinical features strongly indicate a diagnosis of 
renal medullary carcinoma. 

Collecting duct carcinomas (also known as a bellini- 
oma owing to its origin from the epithelium of a duct 
of Bellini) share the imaging and some clinical features 
with renal medullary carcinomas. These tumors are 
aggressive, usually presenting at an advanced stage with 
a poor prognosis. They arise centrally in the kidney 
near the junction of the renal parenchyma and the 
urothelium lining a calyx; they then typically grow in 
an infiltrative pattern, and they occur in young adults. 
There is, however, no known association between col- 
lecting duct carcinomas and SC trait or disease. 

Renal lymphoma and renal metastases are not 
uncommon in autopsy series of patients succumbing to 
malignancies. However, they are not commonly detected 
during life. Unlike other infiltrating renal neoplasms, 
these tumors are usually multifocal and are usually 
accompanied by evidence of extrarenal metastases. The 
history usually includes diagnosis of a primary malig- 
nancy. In 5% of patients with lymphoma, renal metas- 
tases are seen during autopsy. These patients usually 
have advanced disease, and renal metastases are a late 
finding. On imaging studies, renal lymphoma typically 
appears as multiple infiltrative nodules (see Fig. 3-41) 
that appear to have spread to the kidneys through a 
hematogenous route. In contrast to primary RCC, these 
nodules often cause little mass effect, are homogeneous 
radiographically, and rarely contain calcification. Less 
commonly, renal lymphoma can appear as diffuse infil- 
tration of the kidney (see Fig. 3-42) without a focal 
lesion. The involved kidney is enlarged but maintains 
its reniform shape. Involvement of the renal sinus and 
perinephric space (see Figs. 3-39 and 3-40), favored 
sites of lymphoma spread, is often extensive. Regardless 
of the pattern, renal lymphoma is bilateral in at least 
50% of cases. Massive lymphadenopathy of the retro- 
peritoneum (see Fig. 3-43) is often coexistent with 
renal lymphoma. This constellation of findings is nearly 
diagnostic of renal lymphoma because massive lymph- 
adenopathy is rare with other renal neoplasms. While 
retroperitoneal lymphadenopathy is often present with 
primary RCC, massive lymphadenopathy in this situa- 
tion is uncommon. One other characteristic feature of 
renal lymphoma is its sonographic pattern. Lymphoma 
masses tend to be formed by a large number of uniform 
cells. The result can be a homogeneous, nearly anechoic 
appearance on renal US examination. At first glance, 
these lesions can mimic simple cysts. However, there 
is little, if any, through transmission of sound, and 
subtle low-level internal echoes may be detectable. This 
sonographic pattern is virtually unique for renal 
lymphoma. 

Other renal metastases can lead to infiltrative masses. 
Other tumors that commonly metastasize to the kidney 
include malignancies arising in the lung, breast, and 
gastrointestinal tract, and malignant melanoma. 


Inflammatory Lesions 


Lesions in this group that may lead to infiltrative abnor- 
malities include pyelonephritis, renal tuberculosis, and 
XGP. History and clinical findings are often diagnostic 
in these cases. 

Pyelonephritis, a bacterial infection of the renal 
parenchyma and collecting system, is a common abnor- 
mality. It is usually diagnosed and treated based on 
clinical findings, and imaging is rarely required in these 
patients. However, imaging may be indicated if a com- 
plication, such as renal abscess, is suspected. Renal 
abscess formation is suspected in patients in whom 
symptoms of pyelonephritis are refractory to standard 
antibiotic treatment. As with other infiltrating renal 
lesions, pyelonephritis is difficult to diagnose with urog- 
raphy or US. However, contrast-infused CT is highly 
sensitive in this diagnosis. With CT, renal enlargement 
with multifocal, wedge-shaped, heterogeneous areas is 
seen in the kidney, usually with associated parenchy- 
mal striations (Fig. 3-60). In conjunction with appropri- 
ate clinical symptoms, this CT appearance is virtually 
diagnostic of acute pyelonephritis and is distinctly dif- 
ferent from that of other infiltrating renal lesions. 

Renal tuberculosis may be very difficult to diagnose 
because of the often subtle or nonspecific clinical find- 
ings and absence of distinctive imaging features. Renal 
tuberculosis is due to secondary reactivation of the 
tuberculous infection. The reactivated infection occurs 
near the corticomedullary junction, and enlarges by 
infiltration of surrounding parenchyma. Eventually, 
papillary necrosis occurs and extends into the renal 
collecting system. Antegrade spread of infection can 
then occur. Spread into the renal collecting system 
usually corresponds to the onset of clinical symptoms 
of renal tuberculosis. While no imaging features are 
specific for renal tuberculosis, diagnosis depends on 


FIGURE 3-60 Computed tomography (CT) of acute pyelonephritis. 
This contrast infused CT scan demonstrates reniform enlargement 
of the right kidney with numerous striations due to parenchymal 
edema and stasis of urine in the renal tubules. With the appropriate 
clinical history these radiologic features are diagnostic of acute 
pyelonephritis. 
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FIGURE 3-61 “Moth-eaten” pattern of calyceal renal tuberculosis. 
The urogram demonstrated amputated lower-pole calyces. This ret- 
rograde pyelogram demonstrates narrowing of the major calyx 
(arrowhead) draining the lower pole. The involved calyces are irregu- 
lar and ulcerated, which is typical of renal tuberculosis. 


bacteriologic studies of the urine; radiologic findings 
can be suggestive of tuberculosis; and the extent of 
infection can be well delineated with imaging studies. 
Once the collecting system is involved, stricturing may 
be evident. Radiographically, this infection mimics TCC 
with calyceal stricturing and obliteration. If a normal 
nephrogram is visible, yet large areas of the kidney lack 
visualization of subtending calyces, calyceal amputa- 
tion is likely to be present. This finding strongly indi- 
cates a diagnosis of renal tuberculosis or an invasive 
urothelial neoplasm. If multiple small ulcerations are 
also seen along the involved urothelium (Fig. 3-61; also 
described as moth-eaten pattern), the diagnosis of 
tuberculosis is very likely. Other imaging studies are 
often nonspecific in the diagnosis of renal tuberculosis. 
The parenchymal disease is infiltrative, and there may 
be a large renal sinus component as the disease spreads 
to the collecting system. Radiographically, this will be 
indistinguishable from an infiltrating renal neoplasm. 
Some other radiographic findings are clues to the 
diagnosis of urinary tuberculosis. As fibrosis ensues 
in response to the infection, calcification commonly 
occurs, and its presence is more suggestive of tubercu- 
losis than of other infiltrating renal processes. In addi- 
tion, extensive ureteral wall thickening and periureteric 
fibrosis in association with renal parenchymal abnor- 
malities strongly suggest advanced renal tuberculosis. 
Detecting pelvocalyceal or ureteral stricturing with 


BOX 3-17 Features of Xanthogranulomatous 
Pyelonephritis 


Marked female predominance 
History of urinary infections 
Nephrolithiasis 

Renal enlargement 

Ipsilateral renal hypofunction 
Fractured calculus sign 
Cystic parenchymal areas 
Extrarenal extension common 


associated renal parenchymal calcifications is strongly 
suggestive of renal tuberculosis. 

Diffuse XGP can also lead to reniform enlargement 
of the kidney and marked diminution or absence of 
renal function (Box 3-17). A renal stone is coexistent 
in at least 80% of patients with XGP. XGP appears to 
develop as a result of a chronic, low-grade form of pyo- 
nephrosis. Pyonephrosis implies ureteral obstruction 
and coexistent urinary infection. Typically, pyonephro- 
sis is an aggressive, fulminant infection. XGP, by con- 
trast, almost always develops in patients with chronic 
urinary tract infections and infection-based nephroli- 
thiasis. Infection-based stones usually are branched or 
laminated, and this finding is a major clue to their etiol- 
ogy. Although infectious stones rarely cause high-grade 
obstruction, their presence undoubtedly leads to some 
degree of mild obstruction from mass effect and sur- 
rounding inflammation. In some patients, these chronic 
abnormalities lead to XGP. 

The term XGP describes infiltration of the renal 
parenchyma with lipid-laden histiocytes. These histio- 
cytes enlarge the renal contour and replace the kidney’s 
functional elements. Although a focal, tumefactive form 
of XGP sometimes occurs, at least 80% of XGP cases 
involve diffuse replacement of the kidney. XGP is 
usually a unilateral process. Involvement of the renal 
parenchyma often spreads to adjacent structures. In 
the collecting system, diffuse inflammation is common, 
and perirenal structures are also commonly involved. 
As with other granulomatous processes, XGP does not 
respect normal tissue barriers. It commonly spreads 
into the perinephric fat and through Gerota fascia. 
Inflammation of the psoas is commonly associated with 
XGP, and renal-cutaneous or renal-enteric fistulas may 
develop. 

Imaging features of XGP are very typical. The classic 
urographic triad of XGP is rather specific and includes 
an enlarged kidney, nephrolithiasis, and markedly 
diminished or absent renal function. US usually dem- 
onstrates the renal pelvic stone, reniform enlargement 
of the kidney, and diffusely abnormal parenchymal 
echogenicity with absence of the normal corticomedul- 
lary distinction. The CT features of XGP are also very 
characteristic. The involved kidney is enlarged and 
contains multiple low-attenuation cystic areas and a 
central stone (Fig. 3-62). A thin rim of renal paren- 
chyma may persist in this area and will enhance after 
intravenous contrast material injection. These cystic 
areas correspond to necrotic regions within the paren- 
chyma, even though radiographically they resemble the 
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FIGURE 3-62 Computed tomography (CT) features of diffuse xan- 
thogranulomatous pyelonephritis. This contrast-infused CT scan 
demonstrates a renal pelvic stone (arrowhead) with a contracted and 
irregular collecting system. Multiple cystic areas representing necro- 
sis and histiocyte infiltration replace the renal parenchyma. Minimal 
enhancing renal parenchyma surrounds the cystic areas. 


BOX 3-18 Features of Renal Infarcts 


Wedge shaped 

Cortical rim sign 

Usually multifocal 

Progressive atrophy with chronicity 


appearance of hydronephrosis. Retrograde pyelographic 
studies usually demonstrate a contracted, markedly 
irregular collecting system rather than hydronephrosis. 
Because of the central stone and the peripheral cystic 
areas within the kidney, the CT appearance of XGP has 
been likened to the footprint of [hears pa Another 
radiographic clue to the diagnosis of XGP that is seen 
in some cases is the fractured calculus sign. In most 
patients with infectious stones, the stones enlarge con- 
tiguously. However, renal complications such as XGP 
may lead to rapid parenchymal enlargement, which 
may cause the stone to fracture and the fragments to 
become displaced. Therefore the radiographic finding 
of a fractured infection-based kidney stone or distrac- 
tion of infection-based stone fragments should suggest 


stone disease complicated by another abnormality such 
as XGP. 


Renal Infarction 

Renal infarction may be caused by emboli, traumatic 
vascular injuries, renal artery dissection, thrombosis, 
or vasculitis. Regardless of their etiology, renal infarcts 
are usually demonstrated on contrast-infused CT scans 
(Box 3-18) as multiple wedge-shaped defects with the 
base of the wedge extending to the renal cortex and the 
apex directed toward the renal hilum (Fig. 3-63). A 
characteristic sign of infarction is the cortical rim sign 
seen with contrast-enhanced CT or MRI. Because the 


FIGURE 3-63 Computed tomography (CT) features of renal infarc- 
tion. A contrast-infused CT demonstrates a wedge shaped area of 
decreased attenuation in the right kidney. This wedge extends to the 
edge of the renal cortex. There is a thin rim of enhancing cortex 
(arrowheads) overlying this infarction. This cortical rim sign is char- 
acteristic of renal infarcts. 


renal capsular artery is an early branch from the renal 
artery, capsular flow is often preserved in patients with 
segmental renal infarcts. The capsular arteries then 
provide collateral blood flow to a thin rim of cortex 
overlying the infarction. This rim of enhancement adja- 
cent to a wedge-shaped hypoperfusion defect is charac- 
teristic of renal infarction because it is not seen with 
other infiltrating renal lesions. Unfortunately, the corti- 
cal rim sign is seen in only half of renal infarcts. In 
addition, patients with vasculitis or emboli usually have 
multiorgan involvement, and infarcts will be visible in 
other abdominal viscera, another clue supporting the 
diagnosis of renal infarction. 


== DIAGNOSTIC APPROACH FOR 
INFILTRATING RENAL LESIONS 


Infiltrating renal lesions cause little mass effect or 
contour bulge and can be difficult to detect, but they 
are usually visible with contrast-infused CT or MR scan- 
ning. The correct diagnosis of these lesions is important 
for proper therapeutic planning. Radiographic features 
can often be helpful in determining the exact diagnosis. 
If multiple geographic infiltrating lesions are present, 
renal metastatic disease, pyelonephritis, or renal infarc- 
tion is the most likely diagnosis. Presence of the cortical 
rim sign associated with wedge-shaped defects is virtu- 
ally diagnostic of infarction and should prompt a search 
for a history of vascular disease. Multiple renal infarcts 
or multiorgan infarcts suggest vasculitis, polyarteritis 
nodosa, or emboli. With pyelonephritis, clinical signs of 
infection will usually be evident and contrast-infused 
CT usually demonstrates striations in the parenchyma. 
Alternatively, in patients with renal metastases, a 
known primary neoplasm is usually present. If not, the 
presence of massive retroperitoneal lymphadenopathy 
or extensive tumor involvement of the renal sinus and 
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perinephric space strongly suggests a diagnosis of renal 
lymphoma. 

The presence of a solitary infiltrating renal lesion 
suggests other diagnoses. Involvement of the entire 
kidney with reniform enlargement suggests either XGP 
or renal lymphoma. With XGP, a stone is usually coex- 
istent, and it has features typical of infection-based 
calculi. XGP is rarely bilateral. On the contrary, renal 
lymphoma is often bilateral, and extensive disease is 
usually evident elsewhere in the body. 

Focal infiltrating renal lesions suggest a primary neo- 
plasm or tuberculosis. Distinguishing among these enti- 
ties is challenging. Usually, lesions centered in the renal 
sinus with apparent secondary invasion of the renal 
parenchyma are TCCs. The coexistence of a renal stone 
with a solitary geographic infiltrating renal lesion should 
suggest that this tumor might be an uncommon SCC. 
The appearance of a solitary geographic infiltrating 
renal lesion in a young patient should raise the possibil- 
ity of a renal medullary carcinoma or a collecting duct 
carcinoma. Determining the patient’s race and search- 
ing for evidence of SC trait or another sickling he- 
moglobinopathy will support the diagnosis of renal 
medullary carcinoma. Thus far, renal medullary carci- 
noma has been reported only in patients under the age 
of 40. The epicenter of this lesion is in the renal medulla, 
but a large renal sinus component may also be present 
and metastatic disease is usually present at the time of 
diagnosis. Infiltrative RCC tends to have a more promi- 
nent parenchymal component, with minimal renal 
sinus invasion. A suspected RCC can be confirmed with 
arteriography because RCCs are uniquely vascular, 
unlike other infiltrating renal tumors. Finally, early 
renal tuberculosis is usually associated with subtle 
imaging abnormalities. A small area of parenchymal 
infiltration may be associated with renal papillary 
necrosis, a major clue suggesting tuberculosis. As the 
infection spreads, calcification and fibrosis become 
quite prominent. With fibrosis, hydronephrosis and 
parenchymal dysfunction ensue. Findings of calyceal 
amputation, obliteration, or ulceration may be the first 
imaging indication of urinary tract tuberculosis. Clini- 
cal symptoms may be absent or may include hematuria, 
flank pain, and sterile pyuria. Bacteriologic confirma- 
tion of tuberculosis is essential for the diagnosis. 

Incidentally, chest radiography is of little help in 
establishing a diagnosis of renal tuberculosis, even 
though the organism originally spread to the kidney 
from a pulmonary source. At least 50% of patients with 
renal tuberculosis have normal chest radiography 
results. In the remaining 50%, findings of previous pul- 
monary tuberculosis do not necessarily indicate renal 
involvement because these abnormalities are com- 
monly seen on chest radiographs of patients with no 
renal abnormalities. 


== INDETERMINATE MASSES 


The overwhelming majority of significant renal masses 
can be easily classified, and management planned, 
based on radiographic guidelines outlined earlier in this 
chapter. However, some masses remain indeterminate 
on the basis of imaging features. 


Small renal masses are commonly seen on CT or MRI 
studies of the kidney. Their small size often makes clas- 
sification difficult. Nearly all of these tiny lesions are 
small simple renal cysts. In the author’s institution the 
policy is to assume that cystic-appearing lesions smaller 
than 5 mm in patients without hematuria or a high risk 
of renal malignancy, such as VHL disease or previous 
papillary RCC, are simple cysts unless obvious atypical 
features are evident, such as solid components, nodu- 
larity, marginal irregularity, calcification, or intrinsic 
fat. For other CT-indeterminate renal lesions, numer- 
ous options are available for further evaluation. The 
most effective approaches include dedicated renal CT, 
renal US, renal MR, or follow-up imaging. Biopsy, surgi- 
cal resection, or tumor ablation remain other options 
for the management of imaging-indeterminate renal 
masses. Obviously, in most cases, a noninvasive 
approach is preferred. However, some lesions, such as 
o clase Tiley atic masses, are best managed with 
surgical exploration and excision because half or more 
of these lesions are malignant. 

When a small renal mass is detected, the key goal of 
further imaging analysis is to determine whether the 
lesion is a simple cyst or not. Usually these masses are 
detected with CT. The most direct, and often diagnos- 
tic, approach is to rescan the area containing the mass 
using thinner collimation immediately. Newer multide- 
tector CT scanners allow one to scan an area of interest 
with 1-mm thick collimation or less. Often a mass can 
be shown to be a simple cyst with very-thin-collimation 
CT scanning. Failing this, other imaging alternatives 
include renal US and MRI. Masses smaller than 1 cm in 
diameter are often invisible with transabdominal US. 
Therefore indeterminate masses smaller than 1 cm that 
need further characterization should be referred for 
MRI. Newer three-dimensional, low-tip-angle MR acqui- 
sition sequences allow for rapid scanning of the kidneys 
during a single breath-hold. These sequences allow for 
better imaging owing to very thin slice acquisition, lack 
of motion artifact, and high resolution. Use of these 
sequences before and after intravenous Gd injection 
allows for characterization of extremely small renal 
masses. Cysts 1 mm or smaller can be easily demon- 
strated in cooperative patients with these three- 
dimensional imaging sequences (Fig. 3-64). Tiny renal 
masses that do not demonstrate the features of a simple 
or minimally complex renal cyst (i.e., no enhancement 
following Gd injection) should be characterized as a 
solid mass that may be malignant. With MRI, the 
imaging features of lesions such as oncocytomas, and 
AMLs lacking fat, will be indistinguishable from those 
of an RCC. MRI is also useful in the primary evaluation 
of renal masses in patients who cannot tolerate intra- 
venous contrast material for a standard renal CT scan 
or for whom the ionizing radiation of a CT poses a 
substantial risk. In these patients, the improved con- 
trast resolution of MRI and the ability to administer 
intravenous Gd make it a very useful test affording a 
high likelihood of successful renal mass characteriza- 
tion. When imaging a renal mass with MRI, the key 
finding is whether contrast enhancement occurs after 
the injection of Gd. Although enhancement standards 
have been less well researched for MRI of renal tumors, 
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Using magnetic resonance imaging (MRI) to characterize a tiny renal mass detected with computed 
tomography (CT).[A,]A 5-mm mass (arrow) is shown in the right kidney of a potential renal donor, on this contrast- 
enhanced CT scan. Statistically this mass was almost certainly a cyst, but it was indeterminate based on its CT 
characteristics owing to its small size and the resulting volume averaging of the mass contents with normal renal 
parenchyma. B, T2-weighted MRI with fat suppression shows that the mass (arrow) has very high signal typical of a 
cyst. C, Gadolinium-enhanced T1-weighted image at the same level shows that this mass (arrow) has low signal with 
T1-imaging and there is no enhancement. These MR features confirm that this mass is a simple cyst. 


when enhancement is greater than 15% within a tumor 
imaged between 2 and 4 minutes from Gd injection, it 
is generally indicative of solid enhancing tissue (i.e., 
neoplasm). For this to be valid, precontrast and post- 
contrast region of interest measurements must be made 
in the same area of the tumor on MR sequences with 
identical imaging parameters. This calculation is useful 
in cases of equivocal tumor enhancement; in other 
cases enhancement is visually obvious making the diag- 
nosis of a renal neoplasm nearly certain. 

US imaging can be useful for larger masses with inde- 
terminate imaging features on CT. If such a mass has 


typical US features of a simple renal cyst, then the 
evaluation is completed. The presence of solid compo- 
nents, or multiple internal loculations, indicates that 
the mass may be malignant and that further imaging 
tests are unlikely to help categorize the mass further. 
Surgical resection, tumor ablation, or imaging surveil- 
lance would be the best options in this situation. 
Imaging surveillance is a viable option in the evalu- 
ation of some indeterminate renal masses because 
malignant lesions, and some benign tumors such as 
AML, demonstrate growth over an extended period. It 
is uncommon for RCC to spread beyond the kidney 
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when the primary tumor is smaller than 3 cm in diam- 
eter. Surveillance imaging is usually reserved for poor 
surgical candidates. Follow-up studies of RCCs have 
shown variable growth rates for small lesions. On 
average, RCCs less than 3 cm in diameter grow about 
0.4 cm in diameter/year. Therefore it is generally safe 
for a solitary, small, indeterminate renal mass to be 
followed with renal CT or MRI to check for growth or 
for the development of detectable intratumoral fat. 
Enlargement of the mass, in the absence of observable 
intrinsic fat, indicates that the lesion is most likely an 
RCC, and definitive treatment should be considered. 
Enlarging renal lesions with intratumoral fat can be 
diagnosed as AMLs and treated appropriately. In general, 
small, indeterminate renal masses, other than infiltrat- 
ing lesions, if not treated, should be followed with a CT 
scan 6 months after initial detection, then yearly after- 
ward to detect enlargement. Lesions that reach 2 cm 
in diameter or those that show definite enlargement 
should be managed surgically, preferably with renal- 
sparing techniques or with ablation in patients with 
serious comorbidities. 

Sequential imaging of infiltrating lesions can also be 
of use in some cases. In patients with abnormalities 
suggesting renal infarction but with some atypical 
imaging features, CT can be repeated in 1 to 2 months. 
Unlike neoplasms, infarcts show progressive paren- 
chymal atrophy over this period, confirming the 
diagnosis. 

Cyst puncture and percutaneous needle biopsy are 
rarely indicated in the evaluation of renal masses. Most 
renal masses are easily classified as surgical or nonsur- 
gical lesions with cross-sectional imaging techniques. 
In fact, the accuracy of a diagnosis of an RCC based on 
imaging findings exceeds that of percutaneous biopsy. 
When indicated, percutaneous renal mass biopsy is a 
safe procedure with a small risk of bleeding and minis- 
cule risk of needle-track seeding. The risk of needle- 
track seeding appears greatest for TCC. Percutaneous 
needle biopsy is usually reserved for one situation. 
Patients who have a known extrarenal malignancy and 
a solitary renal mass may require percutaneous biopsy 
to distinguish between a solitary metastasis that could 
be treated nonsurgically and an RCC. Percutaneous 
biopsy of a renal mass should not be relied upon to dif- 
ferentiate between benign and malignant tumors. In 
particular is the concern for differentiation of oncocy- 
toma from RCC, as some RCCs contain oncocytic 
components that are indistinguishable from those 
seen in benign oncocytomas. For this reason, percuta- 
neous biopsy of a solitary renal mass thought to be an 
oncocytoma based on its imaging appearance is not 
recommended. The results will be inconclusive, at best, 
in excluding RCC. When a renal mass biopsy is indi- 
cated, it has been shown that core-needle biopsies of 
masses are more accurate than fine-needle aspiration 
biopsies. 


Practical Approach to Imaging Diagnosis 


of Renal Tumors 


Accurately diagnosing renal tumors is a crucial task for 
abdominal imagers. It is important to diagnose an RCC 


at an early stage, when it is curable. Advanced-stage 
RCC is usually incurable. In addition, it is very desir- 
able to avoid unnecessary treatment of benign renal 
tumors. Diagnosis of renal tumors implies two separate 
steps: detection and characterization. Detection is best 
performed with either CT or MRI. US is very useful for 
larger masses, but for masses smaller than 2.5 cm in 
diameter, detectability is unreliable. In addition, once 
detected, US is less useful than CT or MRI for charac- 
terization and staging, with the exception of cystic 
masses that have been described. For the detection of 
renal tumors, not all scans are created equal. With CT, 
scans of the abdomen are typically timed for optimal 
portal venous phase imaging of the liver. This is not an 
ideal phase to detect renal tumors. An optimal phase 
for renal mass detection is the nephrographic phase or 
later. In general, the nephrographic phase of the CT 
scan begins approximately 85 seconds after the initia- 
tion of contrast injection. Earlier phases are either vas- 
cular or corticomedullary. They are not ideal for 
detecting renal masses, which may blend impercepti- 
bly with the slowly enhancing renal medulla or with 
the rapidly enhancing renal cortex. Up to 66% more 
small renal masses are detected in the nephrographic 
phase than in any corticomedullary phase. Although 
the vast majority of these are benign tumors, some are 
malignancies. Therefore if there is concern for a renal 
mass, scans during the nephrogram phase or later must 
be obtained to exclude a renal malignancy. When Gd 
can be administered during MRI, it should be used 
when the goal is evaluation for a possible renal tumor. 
Typically, multiphase contrast-enhanced imaging of the 
kidneys is performed with MRI. This includes nephro- 
graphic and later phases optimizing the detection of 
renal tumors. Once a mass is detected, characteriza- 
tion of that mass should be attempted. An important 
step is the detection of fat within a renal tumor. The 
detection of fat in renal tumor almost always indicates 
that the mass is benign and such a mass does not 
usually require further treatment. Fat within a renal 
tumor indicates the diagnosis of an AML. The imaging 
diagnosis of this tumor is entirely dependent on the 
demonstration of fat within the renal mass. US alone is 
not diagnostic as described earlier. CT and MRI have 
similar sensitivity for the detection of fat within a renal 
tumor. It is important to remember that up to one third 
of small RCCs are hyperechoic on renal US. They can 
be indistinguishable from an AML with sonography. In 
addition, the echogenicity of a renal tumor does not 
correlate with fat content. Fat-poor AMLs can be very 
echogenic. The bottom line with echogenic renal 
tumors is cross-sectional imaging with CT or MRI is 
required before the diagnosis of benign AML. If no fat 
is detected, then renal malignancy should be presumed. 
With CT, thin-section scans should be obtained to 
detect tiny foci of fat. Approximately 1 or 1.5 mm 
slices can detect tiny bits of fat that are invisible on 
5 mm or thicker slices. The detection of even a tiny 
focus of intratumor fat confirms the diagnosis of AML. 
Approximately 5% or less of AMLs do not contain fat 
that is detectable with CT or MRI. These so-called fat- 
poor AMLs can be diagnosed with biopsy, or resection. 
These fat-poor AMLs constitute approximately 1% of 
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biopsied small, solid renal tumors and they are quite 
uncommon. 

Renal tumors that appear cystic on CT or MRI should 
also be further characterized. Whereas simple renal 
cysts are ubiquitous, approximately 10% of RCCs are 
cystic. This is complicated by the fact that some simple 
cysts become complicated by bleeding, infection, or 
ischemia and the appearance of these complicated 
cysts overlaps with the features of cystic RCC. On non- 
contrast CT scans homogeneous water-density masses 
measuring less than 20 HU can reliably be diagnosed as 
simple cysts even without a contrast-enhanced study. 
In addition, homogeneous hyperdense masses measur- 
ing greater than 70 HU and 3cm or smaller on a 
noncontrast CT scan can be diagnosed as a benign 
hyperdense or hemorrhagic cyst. This leaves the cate- 
gory of tumors on a noncontrast CT that measure 
between 20 and 70 HU, or those that are heteroge- 
neous, or larger hyperdense masses. These are renal 
masses that may represent RCCs or complicated benign 
cysts. When in doubt about the features of a mass, 
whether it is cystic or not, additional imaging studies 
can be performed. For larger masses, those greater than 
1 cm in diameter in an average-sized person, MRI, US, 
or CT with contrast will be useful. For smaller renal 
masses, MRI will be required to determine whether they 
are simple cysts or more ominous renal tumors. Renal 
masses that are determined to be cystic should be clas- 
sified using the Bosniak classification system described 
earlier in this chapter. This classification system will 
help to determine the need for treatment, surveillance 
imaging, or whether the lesions can be safely left alone 
and ignored. Features that qualify a cystic renal mass 
as a Bosniak IV lesion are crucial because 90% of these 
masses are malignant. Solid enhancing components 
within a cystic mass qualify the mass as a Bosniak IV 
lesion. It is more difficult to diagnose Bosniak III lesions 
accurately with imaging as benign or malignant. Approx- 
imately 50% of Bosniak HI masses will be benign. Cystic 
masses with a thick rim without nodular enhancing 
components are Bosniak III lesions. However, many of 
these lesions are benign. Lack of enhancement with 
MRI or evidence of infection will help diagnose these as 
benign tumors, which may be watched, or drained in 
the case of an infection. For smaller cystic masses, MRI 
will be very helpful in diagnosing benign or malignant 
lesions. The crucial finding on MRI is the presence or 
absence of enhancement following Gd injection. 
Enhancement indicates a high risk of malignancy, even 
for small tumors. A simplistic approach to renal tumors 
with MRI indicates that RCCs enhance and do not 
contain fat. Other renal masses, including many Bosniak 
III lesions are benign. Subtraction imaging with MRI is 
useful to detect subtle enhancement. A subgroup of 
Bosniak III lesions are the multiloculated cystic masses. 
These are cystic masses with more than four septations 
that may or may not enhance. Often these masses have 
many septations. The two most common causes of 
these masses are cystic nephromas and cystic RCCs. 
Currently there are no imaging features to distinguish 
between these two diagnoses. Biopsy may be helpful, if 
it confirms the diagnosis of RCC. Another special cir- 
cumstance is solid renal tumors that contain a central 


sear, which is usually stellate. The most common causes 
of these masses are oncocytoma and RCC. These are 
indistinguishable with imaging studies. A slight major- 
ity of these scar-containing masses are RCCs. Biopsy 
may be helpful in distinguishing between these two 
diagnoses. 

MRI can also be helpful in subclassifying types of 
renal malignancy. Typically, clear-cell RCC is bright 
on T2-weighted sequences, shows avid, vigorous 
enhancement with contrast injection, and may show 
internal areas of signal drop out onfoutol-phase hem 
cal shift images. Papillary RCC is typically dark on 
T2-weighted sequences, has restricted diffusion on 
diffusion-weighted imaging, enhances only mildly, and 
often contains hemosiderin detectable on chemical 
shift imaging. 

Finally, tiny renal tumors are often detected. If there 
are no symptoms, and no special risk factors, such as 
renal tumor syndromes, these can be ignored if they 
appear to be cystic, that is, black on CT, or they have 
imaging features of cysts on MRI. If further evaluation 
is needed because the masses do not appear to be 
simple cysts, or the patient is symptomatic, or has a 
syndrome predisposing them to renal tumors, MRI can 
be used to diagnose all simple cysts, regardless of their 
size. With MRI, cysts will lack enhancement with Gd. 
That is the essential feature for the diagnosis of a simple 
cyst. In addition, but sometimes absent, cysts are typi- 
cally dark on T1 images and bright on T2 images and 
are completely homogeneous. For renal tumors, even 
tiny renal tumors, that do not contain fat and that 
enhance, the diagnosis of RCC is highly likely. Because 
focal infection can mimic real tumors, signs (fever, 
elevated white blood cell count, perirenal edema) or 
symptoms of infection should be sought after, particu- 
larly in young, otherwise healthy patients. In these 
cases surveillance imaging following treatment can be 
used to avoid invasive treatment of a simple infection. 

To summarize this practical approach, CT and 
MRI are approximately equivalent, and are the best 
imaging studies for the detection of renal tumors. MRI 
is superior for the characterization of renal tumors. 
Homogeneous water-density masses can be ignored and 
diagnosed as benign cysts. Masses that are greater than 
70 HU on noncontrast CT and that are smaller than 
3 cm and are homogeneous can be diagnosed as hemor- 
rhagic or hyperdense cysts. These are benign. Renal 
masses measuring between 20 and 70 HU on noncon- 
trast CT are indeterminate and should get more imaging 
or follow-up surveillance scans. Renal masses that are 
greater than 20 HU ona single-phase contrast-enhanced 
CT are indeterminate. Renal tumors that contain fat are 
benign AMLs in nearly every case. Enhancing renal 
masses that do not contain fat are very likely RCC. 
Renal masses that show intracellular lipid or hemosid- 
erin with MRI are very likely to be RCC. 
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Chapter 4 


The Kidney: Diffuse 
Parenchymal Abnormalities 


CHAPTER OUTLINE 


SMALL, SCARRED KIDNEY 
UNILATERAL SMALL, SMOOTH KIDNEY 
BILATERAL SMALL, SMOOTH KIDNEYS 
UNILATERAL SMOOTH RENAL ENLARGEMENT 
BILATERAL RENAL ENLARGEMENT 

Reniform Enlargement 

Bilateral Renal Enlargement with Multiple Masses 


Diffuse parenchymal abnormalities of one or both 
kidneys are often recognized during renal imaging. A 
number of disease processes may result in abnormali- 
ties of renal size and renal shape, with or without asso- 
ciated abnormalities in the renal collecting system. 
Diagnosis of the causal disease process is often possible 
based on the recognition of the pattern of abnormali- 
ties. In this chapter various patterns are discussed, and 
suggestions are given for determining the most likely 
disease process in each case. Often, further imaging 
studies and, ultimately, percutaneous biopsy may be 
needed to confirm the diagnostic impression. However, 
in many instances the radiologic findings are diagnostic 
and further evaluation is unnecessary. Depending on 
the imaging modality—radiography, ultrasonography 
(US), computed tomography (CT), or magnetic reso- 
nance imaging (MRI)—some variables of pattern clas- 
sification may be apparent, whereas others are not. 
Findings such as calyceal shape, mass effect on the 
intrarenal collecting system, and parenchymal echotex- 
ture may be detectable with only one of these 
modalities. 

In evaluating the diffusely abnormal kidney, a few 
general guidelines are in order. Coupled with an assess- 
ment of overall renal function, findings such as kidney 
size and contour, calyceal anatomy, echotexture, and 
pattern of calcifications, when present, are helpful. In 
normal individuals, both kidneys are similar in length. 
A discrepancy of more than 2 cm between the kidneys 
suggests an underlying disease. To determine which 
kidney is abnormal, absolute renal size and associated 
findings in either kidney are important. Renal size is 
variable and dependent on age, body habitus (both 
weight and height), gender, ethnicity, and laterality. On 
imaging studies that do not inherently magnify an 
abdominal organ, an average long-axis renal length of 
10 to 12 cm (range, 9 cm to 13 cm) is anticipated. 
Standard radiographs introduce inherent magnification 
of approximately 10% to 20% in a normal-sized indi- 
vidual, and renal length should be approximately 3.5 
times the vertical height of a mid lumbar vertebral 
body. The left kidney is inherently larger than the right 
by up to 0.5 cm and the kidneys are generally smaller 


NEPHROCALCINOSIS 
Medullary Nephrocalcinosis 
Cortical Nephrocalcinosis 

IMAGING OF RENAL FAILURE 

RENAL TRAUMA 


in women than in men. In some cases differences in 
length are due to alteration of the vertical renal axis 
with resulting foreshortening of the renal axis on radio- 
graphic studies. However, this limitation can be avoided 
with US, because in this technique the transducer is 
easily oriented in a plane along the true longitudinal 
axis of the kidney being examined or with the use of 
oblique imaging planes on CT or MRI. 


m= SMALL, SCARRED KIDNEY 


Disease processes producing small kidneys fall into 
several categories. Is the kidney smooth or irregularly 
contoured as a result of parenchymal scarring? If the 
kidney is scarred or if both kidneys are small and 
scarred, then several other factors must be considered. 
Where are the scars located in relation to the calyces, 
and are the calyces normal? Small, scarred kidneys 
usually result from ischemic disease caused by small- 
vessel occlusions in the kidney, from reflux nephropa- 
thy, or from analgesic nephropathy (Box 4-1). Renal 
scarring resulting from reflux is often more pronounced 
in one kidney. Scarring caused by small-vessel disease 
and analgesic nephropathy is typically bilateral. Occlu- 
sion of interlobar arteries usually results from advanced 
atherosclerosis, and small-vessel involvement may be 
seen in patients with diabetes, hemoglobinopathy, or 
collagen vascular diseases. Interlobar arteries are radi- 
ally arrayed vessels extending between renal lobules. 
Each of these lobules has one or more calyces in its 
center. Parenchymal scarring caused by occlusion of 
the interlobar arteries results in thinning of the paren- 
chyma between calyces. The parenchyma directly atop 
the calyx is of normal thickness. In addition, the calyces 
receive their arterial supply from a separate network 
of vessels derived from the main renal artery and 
the ureteric arteries. Therefore occlusion of interlobar 
arteries does not lead to structural changes in the 
calyces. As a result, small kidneys with scars centered 
between normal calyces indicate renal atrophy due to 
remote interlobar artery occlusions. 

Alternatively, bilateral small kidneys with scars cen- 
tered over all calyces or with medullary calcifications 
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BOX 4-1 Differential Diagnosis: Small, 
Scarred Kidney 


UNILATERAL 


Reflux nephropathy 
Previous renal surgery 


BILATERAL 


Normal calyces 
Renal infarcts 

Abnormal calyces 
Analgesic nephropathy 
Bilateral reflux nephropathy 


LONG LT KID 


artes GEJ 
RA (120mm 

Renal 

Soft 


85dB T1/+1/3/3 
Gain= -3dB 


indicate a diagnosis of analgesic nephropathy. Findings 
of papillary necrosis within the renal medulla and 
calyces are often present. 

Reflux nephropathy, sometimes referred to as 
chronic atrophic pyelonephritis, is a major cause of 
atrophy with an irregular renal contour. Parenchymal 
scarring can be caused by reflux of either sterile or 
bacteria-laden urine. For scarring to develop, reflux 
must be chronic, and usually massive. The occurrence 
of this combination of factors is almost always limited 
to children. However, the kidney’s structural changes 
are permanent and may first be detected during adult- 
hood (Fig. 4-1). Reflux confined to the calyces leads 
to calyceal blunting without overlying parenchymal 
atrophy. Atrophic parenchymal changes occur when 
reflux extends through the ducts of Bellini (the open- 
ings that drain urine from tubules in the renal medulla 


LONG RT KID 


85dB  T14+1/3/3 
Gain= -3dB A=2 


Dist = 9.22cm 


Reflux injury discovered in an adult with history of recurrent urinary tract infections and elevated 
creatinine.|Left (A) and right (B)|renal ultrasound images show a small left kidney. Dilated calyces extend to the 
surface of the left kidney in the upper pole (arrows) where there is severe overlying parenchymal loss. There is mild 
calyceal dilatation and parenchymal loss in the upper pole of the right kidney, although to a lesser degree. Note the 
increased echogenicity of both kidneys consistent with medical parenchymal disease. C, Image from a cystogram 
shows vesicoureteral reflux into the left ureter after instillation of 150 cc of contrast material. D, An image of the left 
flank shows the small left kidney with severe parenchymal loss and global calyceal clubbing most severe in the polar 


regions, a pattern typical of reflux injury. 
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FIGURE 4-2 Computed tomography (CT) image of a reflux injury in a unilateral small, scarred kidney. Unenhanced 

corticomedullary phase (B), and excretory phase (C) axial CT images through the upper kidneys, bilaterally, 
show a small, scarred kidney on the left. On the excretory phase image, note the opacified, dilated calyx extending 
to renal surface, posteriorly (arrow). D, A radiographic image obtained after the CT study shows severe parenchymal 
loss in the polar regions with some preservation of parenchymal thickness in the interpolar kidney. The calyces in 
the upper pole are clubbed and extend to the renal surface (arrows). 


into the calyces) into the renal medulla. This process 
tends to follow a typical pattern. Previous work has 
demonstrated that the ducts of Bellini vary in their 
ability to prevent intrarenal reflux. Most of these ducts 
have openings that act as slitlike, flap valves that are 
quite effective in preventing parenchymal entry of 
urinary reflux from the calyx. Atrophy of the kidney 
overlying these areas occurs only after the long- 
standing, massive reflux overcomes this antireflux 
mechanism. Alternatively, some ducts of Bellini have 
circular openings that are less effective at inhibiting 
intraparenchymal reflux. Circular duct openings occur 
most commonly in compound calyces that are usually 
present in the polar regions of the kidney as described 
in Chapter 2. This leads to an interesting radiographic 
pattern typical of reflux nephropathy. In most cases the 
first, and often the only, signs of reflux nephropathy 
occur in the upper and lower poles of the kidney (Fig. 
4-2), sparing the interpolar region. The parenchymal 
sears are broad based and centered atop the subtending 
calyx. In addition, the underlying calyx is abnormal. 
Because of parenchymal atrophy and chronic reflux, 


the calyx loses its normal concave shape and becomes 
club shaped with convex margins (see Fig. 4-2). Addi- 
tional parenchymal contour irregularity may result 
from compensatory hypertrophy in the unaffected 
areas of the kidney. This can lead to exaggeration of the 
contour irregularities induced by reflux nephropathy. 
Although reflux nephropathy is usually unilateral, bilat- 
eral changes are not rare. In fact, severe reflux nephrop- 
athy is not an uncommon cause of irreversible renal 
insufficiency. 

In summary, typical changes of reflux nephropathy 
include a small, scarred kidney with the scars centered 
atop an abnormal calyx. Scars develop first in, and may 
be limited to, the renal poles, but advanced cases may 
involve the kidney globally. 


= UNILATERAL SMALL, SMOOTH KIDNEY 


The single most common cause of this imaging pattern 
is ischemic parenchymal injury resulting from chronic 
renal artery stenosis or occlusion (Fig. 4-3). Other 
causes of a unilateral small, smooth kidney are chronic 


110 Genitourinary Radiology: The Requisites 


mm, 


FIGURE 4-3 Renal artery stenosis. Axial (A) Jand coronal unenhanced (B) computed tomography images through 
the bilateral kidneys show marked asymmetry of renal size with a smoothly contoured, globally atrophic right kidney. 
C, This digital subtraction angiogram, obtained a few weeks later during left renal artery stenting, shows complete 


occlusion (arrow) of the right main renal artery. 


renal vein thrombosis (RVT), postobstructive atrophy, 
renal hypoplasia, previous renal trauma with subcapsu- 
lar hematoma, and previous radiation therapy to the 
renal bed (Box 4-2). Secondary radiographic features 
are very helpful in distinguishing among this group of 
abnormalities. On imaging studies (intravenous urogra- 
phy, enhanced CT, or MRI with gadolinium), findings 
suggestive of renal artery stenosis include a small, 
smooth kidney that exhibits delayed nephrographic 
progression and pyelographic opacification, and subse- 
quent hyperdense pyelographic opacification (Box 4-3). 
However, the calyces and ureter appear normal. In fact, 
the calyces may appear very delicate because of limited 
distention from decreased urine output by the ischemic 
kidney. Because the contrast material is delivered 
through the bloodstream, there is usually a delay in 


BOX 4-2 Differential Diagnosis: Unilateral Small, 


Smooth Kidney (Reniform) 


NORMAL CALYCES 

Renal artery stenosis 

Chronic renal vein thrombosis 
Renal hypoplasia 

Subeapsular hematoma 
Radiation therapy 


ABNORMAL CALYCES 
Postobstructive atrophy 
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Renal artery stenosis—computed tomography (CT). [|A,| Unenhanced axial CT image shows a small, 
smoothly contoured kidney on the left compared with the right. B, An image during the corticomedullary phase of 
enhancement shows severe global parenchymal thinning in the left kidney. C, There has been progression to the 
nephrographic phase in the right kidney. The left kidney continues to show corticomedullary differentiation due to 
altered flow. D, An excretory phase image shows complete opacification of the right collecting system and temporal 
delay in filling of the left collecting system. 


BOX 4-3 Imaging Signs of Renal Artery Stenosis 


Small, smooth kidney 
Delayed nephrogram 
Delayed pyelogram 
Hyperdense pyelogram 
Ureteral notching 


nephrographie opacification owing to the reduced 
inflow through the abnormal renal artery. Reduced 
blood flow may also cause a delay in opacification of 
the collecting system because less contrast is delivered 
to the involved kidney, and there is decreased perfusion 
pressure propelling the contrast material through the 
nephron. When the time required for passage of con- 
trast media in the tubules is prolonged, reabsorption of 
water increases, which in turn leads to higher concen- 
tration of contrast medium in the tubules of the affected 
kidney compared with the normally perfused kidney. 
This delay, combined with the property of most intra- 
vascular contrast agents that once excreted into the 
tubules they cannot be reabsorbed through the tubular 


epithelium, leads to development of the hyperdense 
pyelogram. At imaging, this leads to a higher density of 
contrast medium in the ischemic kidney than in the 
normal kidney in the pyelographic phase. These altera- 
tions in flow are identifiable on most enhanced imaging 
examinations (F -4), 

Another imaging sign, sometimes identified in asso- 
ciation with renal artery stenosis, is impressions on the 
ureter and renal pelvis because of enlarged collateral 
ureteric arteries (notching; Fig. 4-5). These arteries are 
recruited to provide additional blood supply to the isch- 
emic kidney. Ureteric vessels supplying the mid and 
lower ureter that originate from lumbar arteries and 
branches of the iliac artery form a network of anasto- 
moses with renal pelvic and upper ureteric arterial 
branches arising from the main renal artery. The con- 
nection of the ureteric vessel network with the main 
renal artery is often distal to the stenosis because most 
stenoses occur at or near the ostium of the artery. Thus 
ureteric vessels can enlarge to help supply more blood 
to the ischemic kidney. The enlarged vessels or the 
impressions they create on the adjacent collecting 
system or ureter may be seen at imaging. 
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FIGURE 4-5 Left ureteral notching due to enlarged ureteric collater- 
als in a patient with renal artery stenosis. Multiple eccentric indenta- 
tions (arrowheads) of the upper left ureter were noted consistently 
throughout this urogram. An arteriogram confirmed left renal artery 
stenosis in this hypertensive patient. 


BOX 4-4 Ultrasound Findings in Renovascular 
Hypertension 


DIRECT RENAL ARTERIAL FINDINGS 


Peak systolic velocity >180 cm/s 

Renal-to-aortic peak systolic velocity ratio >3.5 
Turbulent flow beyond the stenosis 

No detectable signal in the renal artery (occluded) 


INTRARENAL DOPPLER WAVEFORM FINDINGS 


Acceleration time 20.07 seconds 

Systolic acceleration <3.5 m/s? 

Dampened waveform appearance (parvus tardus) 
Change of resistive index >5% between the kidneys 


For patients with suspected renovascular hyperten- 
sion it is unclear which of the following is the best 
screening examination: sonography, the radionuclide 
renogram augmented with captopril, or CT or MR anéi- 
ography (MRA). A test used for screening the hyperten- 
sive population is renal sonography augmented with 
Doppler analysis of the renal arteries and intrarenal 
spectral waveforms (Box 4-4). However, results for this 
test have been variable. Some institutions have a high 
detection rate of renal artery stenosis with this tech- 
nique, whereas other reports indicate that this test is 
unreliable. It appears that in some centers, Doppler 


sonography may allow for a fairly high degree of 
accuracy in the detection of renal artery stenosis. 
Nowadays, detection of renal artery stenoses is often 
performed with CTA or MRA. Gadolinium-enhanced 
dynamic three-dimensional MRI produces detailed 
images of the renal arteries, which are satisfactory for 
diagnosing a significant renal artery stenosis. Applying 
only a standard dose of gadolinium for contrast avoids 
the use of a potential nephrotoxic agent in these 
patients, an advantage over catheter or CT angiography 
(CTA). Newer multislice CT scanners may be useful for 
accurate renal artery imaging with lower volumes of 
intravenous contrast medium than with older CT 
machines. This offers the promise of reducing the risk 
of nephrotoxicity for these focused examinations. Cur- 
rently, confirmation and treatment of renal artery 
stenosis are best achieved using digital subtraction 
angiography. For patients with contraindications to the 
administration of intravascular contrast material, flow- 
sensitive MRI of the vessels or digital subtraction cath- 
eter angiography using carbon dioxide as an alternative 
contrast agent might be considered. 

It is also important to differentiate between renal 
artery stenosis and ureteral obstruction because they 
share some features on imaging. Acute ureteral obstruc- 
tion also leads to delayed development and progression 
of the nephrogram and pyelogram. However, an enlarged 
kidney, presence of hydroureteronephrosis and a dilute 
pyelogram, as well as symptoms of ureteral colic usually 
accompany ureteral obstruction (Fig. 4-6). 

Chronic RVT is another vascular cause of renal isch- 
emia. If inadequate venous collaterals develop, a small 
ischemic kidney will result from chronic RVT. Chronic 
RVT can also lead to other radiographic features mim- 
icking renal artery stenosis. These include delayed 
pyelogram, hyperdense pyelogram, and nondilated 
normal-appearing calyces and ureter. US with Doppler 
evaluation of the renal artery and vein often leads to 
the correct diagnosis. Noninvasive angiographic tech- 
niques, such as MRA and CTA, are the best techniques 
for the diagnosis of RVT. 

The Page kidney is another name for renal atrophy 
resulting from a subcapsular hematoma. Because the 
renal capsule is rigid, a subcapsular hematoma exerts 
opposing hydraulic pressure on perfusion of the renal 
parenchyma. If untreated, this eventually leads to 
parenchymal ischemia and atrophy (Fig. 4-7). The 
kidney usually maintains a near reniform shape, and 
the calyces appear normal. As with renal artery steno- 
sis, hypertension often results from overstimulation of 
the renin-angiotensin system secondary to parenchy- 
mal ischemia. The key to this diagnosis is a clinical 
history of flank trauma. This can occur in deceleration 
injuries or falls, but can also be seen in young patients 
with sports-related injuries. These subcapsular hema- 
tomas may go unrecognized at the time of acute injury 
and may be identified incidentally during imaging at a 
later time for evaluation of hypertension or unrelated 
symptoms. In some cases the remnant of the subcap- 
sular hematoma is visible with cross-sectional imaging. 
This confirms the diagnosis of Page kidney. 

Radiation therapy that includes the renal bed can 
lead to parenchymal ischemia. The ischemia results 


The Kidney: Diffuse Parenchymal Abnormalities 113 


FIGURE 4-6 Nephrographic delay due to obstruction [A] Enhanced 
computed tomography image through the kidneys in a patient with 
left flank pain shows that the right kidney has progressed to the 
nephrographic phase, while the left kidney continues to exhibit cor- 
ticomedullary differentiation. There is mild left hydronephrosis and 
a small volume of perinephric fluid. B, Obstruction, due to a proximal 
left ureteral stone (arrow), results in delayed contrast transit through 
the left kidney. 


from a small-vessel arteritis induced by the radiation, 
and this in turn causes parenchymal atrophy that may 
mimic other vascular causes of renal ischemia (Fig. 
4-8), including chronic RVT and renal artery stenosis. 
This is rarely seen with modern radiation therapy tech- 
niques, but should be considered in patients who have 
undergone radiation treatment for tumors in the region 
of the kidney. Other radiographic clues suggesting prior 
radiation therapy can sometimes be identified in the 
adjacent spine. These include osteonecrosis and result- 
ing scoliosis. 

An uncommon cause of a unilateral small and smooth 
kidney is postobstructive atrophy. This condition can 
be seen in patients who have experienced long-standing 
ureteral obstruction for any of a variety of causes. High- 
grade ureteral obstruction with sterile urine must 


FIGURE 4-7 Page kidney. [A]and B, Enhanced axial CT images 
through the kidneys show a small left kidney due to compression of 
the parenchyma by a subcapsular hematoma, the result of extracor- 
poreal shock wave lithotripsy (ESWL) performed 2 months before. 
Note the asymmetric progression of the contrast material with the 
nephrographic phase seen in the right kidney and persistence of the 
corticomedullary phase in the left kidney. The study was prompted 
by persistent left flank pain, and the patient was found to have devel- 
oped hypertension after the ESWL procedure. 


persist for at least 3 weeks to lead to irreversible paren- 
chymal atrophy. During the acute obstructive phase, 
the kidney is usually edematous, swollen, and dis- 
tended, rather than atrophic. However, when long- 
standing obstruction is relieved, parenchymal atrophy 
becomes evident. Unlike reflux nephropathy, ureteral 
obstruction leads to increased pressure spread evenly 
throughout the renal parenchyma. Once the obstruc- 
tion is relieved, some renal function may return but 
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Renal injury following radiation therapy. A, Axial computed tomography (CT) image through the upper 
kidneys obtained at the time of diagnosis of a pancreatic head neoplasm (arrow) shows normal parenchymal enhance- 
ment in the upper renal poles. B, CT image at approximately the same level as A, following radiation therapy to the 
pancreatic head, shows atrophic changes in the medial aspect of the parenchyma of the upper poles of both kidneys, 


right greater than left, typical of postradiation changes. 


Postobstructive atrophy. Axial (A) and coronal enhanced (B) computed tomography (CT) images through the 
kidneys show a normal-sized left kidney. There is marked left-sided hydronephrosis and associated parenchymal atrophy. 
The obstruction was due to a pelvic malignancy. Axial (C) and coronal enhanced (D) CT images following removal of the 
tumor with relief of the ureteral obstruction show the resulting small left kidney with global, smooth renal atrophy. 


global atrophy and residual ectasia of the collecting 
system will be evident (Fig. 4-9). Collecting system 
ectasia, with dilatation and residual clubbing of the 
calyces, distinguishes this entity from other causes of 
a unilateral small, smooth kidney. In many cases there 


will be a history of previous intervention to relieve 
the ureteral obstruction. In particular, postobstructive 
atrophy is often seen in patients with pelvic malignan- 
cies, including bladder and ureteral neoplasms. If these 
are surgically treated, or if the urinary stream is diverted 
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after a significant period of ureteral obstruction, post- 
obstructive atrophy will be evident. 

Finally, renal hypoplasia is a rare cause of a unilat- 
eral small, smooth kidney, which at imaging appears as 
a normal kidney with too few calyces. This entity is 
thought to result from underperfusion of the fetal 
kidney. The small kidney functions normally and has 
normal parenchymal thickness; however, by definition, 
there will be five or fewer calyces in the intrarenal col- 
lecting system. Although there are fewer calyces, they 
appear completely normal. No additional signs of abnor- 
mality, such as those seen with renal artery stenosis, 
are present with the hypoplastic kidney. Renal arteri- 
ography demonstrates a widely patent renal artery that 
is diminutive (in proportion to the diminutive function- 
ing renal mass in the hypoplastic kidney). The artery 
is small owing to a small volume of renal parenchyma 
requiring arterial supply. 

In summary, a unilateral small, smooth kidney with 
normal calyces is most likely due to renal artery steno- 
sis. Additional radiographic signs of renal artery steno- 
sis should be sought in this situation. A small, smooth 
kidney with associated collecting system ectasia and 
calyceal blunting suggests postobstructive atrophy. A 
normal small, smooth kidney that contains a comple- 
ment of five or fewer calyces is likely to be a congenital 
hypoplastic kidney. Other entities with this pattern that 
should be considered are chronic RVT, Page kidney, and 
previous radiation therapy affecting the renal bed. 


Significant bilateral renal atrophy is usually associated 
with renal insufficiency. Patients are generally imaged 
with US, nonenhanced CT, or MRI (Fig. 4-10). Most 
cases of renal insufficiency are due to chronic medical 
renal disease of various etiologies, including diabetes, 
nephrosclerosis due to hypertension, chronic glomeru- 
lonephritis, bilateral renal artery stenosis, analgesic 
nephropathy, hereditary nephropathy, autoimmune 
diseases, or remote acute tubular necrosis. Evidence of 
renal artery stenosis may be obtained with noninvasive 
techniques such as Doppler US or MRA and can be 
confirmed with digital subtraction angiography, if treat- 
ment is contemplated. Other entities may require renal 
biopsy for a tissue diagnosis. In any case the atrophy is 
likely to be irreversible and, at best, renal function may 
be stabilized rather than improved. 

One unique entity that may lead to this pattern is 
renal medullary cystic disease. The condition is usually 
seen in children who develop a salt-wasting nephropa- 
thy, but a subtype occurs in adults in whom renal 
insufficiency and salt-wasting nephropathy develop 
insidiously. In either case, the kidneys are usually small 
and contain numerous medullary cysts. There is no 
known treatment for this disease, which usually occurs 
sporadically, although some cases appear to be inher- 
ited. CT or sonographic demonstration of numerous 
medullary cysts in small kidneys and an appropriate 
clinical history should suggest this diagnosis. The end 
stage of the other entities in this category leads to small, 
hyperechoic kidneys at ultrasound (US) without in- 
creased cyst formation. 


RT KID LONG 


LT KID LONG 


Bilateral small, smooth kidneys from chronic medical 
renal disease. Right|(A)]and left (B) renal ultrasound images show 
bilateral small, smooth kidneys with increased parenchymal echo- 
genicity compared with their adjacent index organs (right kidney, 
5.9 em in length; left kidney, 5.3 em in length). C, Axial unenhanced 
computed tomography image through the kidneys in the same patient 
shows small, smooth kidneys, bilaterally. This appearance may be the 
end result of a host of chronic medical renal conditions. 
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BOX 4-5 Causes of Unilateral Reniform 
Enlargement 


Ureteral obstruction 
Duplication anomalies and hypertrophy 
Parenchymal infiltration 
Cellular infiltrates 
e Pyelonephritis 
e XGP 
e Contusion 
e Infiltrating neoplasm edema 
Edema 
e Acute renal vein occlusion 
e Acute arterial occlusion/arteritis 


XGP, Xanthogranulomatous pyelonephritis. 


In these cases, one kidney is abnormally large without 
focal mass effect. To determine which kidney is abnor- 
mal on standard radiographs, when there is a signifi- 
cant size discrepancy between the two kidneys, use 
the three-to-four-lumbar-vertebra rule. Normal-sized 
kidneys should have a length somewhere between the 
length of three and four normal lumbar vertebral bodies 
and their intervening disk spaces. On nonmagnifying 
cross-sectional imaging, a renal length of 10 to 12 cm 
is anticipated. In this category the contour of the 
enlarged kidney should be smooth or minimally lobu- 
lated in a manner consistent with persistent fetal loba- 
tion. In addition, there should be no evidence of focal 
renal masses affecting the renal collecting system. 
Renal function may be impaired; if so, this finding is 
helpful in classifying these cases. Underlying abnor- 
malities resulting in this pattern fit into one of the fol- 
lowing five categories: ureteral obstruction, renal 
duplication anomalies, acute vascular abnormalities, 
parenchymal infiltration, and glomerular hypertrophy 
(Box 4-5). 

The most common underlying abnormality in this 
group is ureteral obstruction. In the acute obstructive 
phase, the kidney is enlarged and edematous because 
of urinary outflow obstruction (Fig. 4-11). Imaging after 
contrast material injection demonstrates the swollen 
kidney with delayed nephrographic progression and 
opacification of the collection system with a dense per- 
sistent nephrogram developing on later imaging (Fig. 
4-12). Varying degrees of hydronephrosis are evident 
depending on the severity and duration of obstruction. 
In many cases high-grade ureteral obstruction leads to 
a striated nephrogram. This term describes linear 
hypoattenuating regions (compared with a background 
of normally enhancing renal parenchyma) extending 
from the renal medulla into the renal cortex on a 
contrast-enhanced study of the kidney. This is most 
commonly seen with high-grade ureteral obstruction 
and is thought to be due to a combination of interstitial 
edema and stasis of unopacified urine in renal tubules 
adjacent to contrast-filled tubules (Fig. 4-13). 

As an aside, the striated nephrogram can be seen 
with a number of other entities, including autosomal 
recessive polycystic kidney disease, acute pyelonephri- 


SAG RT KIDNEY 


SAG LT KIDNEY 


Unilateral renal enlargement from obstruction. Right 
(A)}and left (B) renal ultrasound images show a normal right kidney 
(length, 10.5 cm) and enlarged left kidney (length, 13.7 cm) with 
thickened, hypoechoic renal parenchyma and moderately dilated 
central collecting system due to obstruction from a distal left ureteral 
stone (not shown). 


BOX 4-6 Causes of Striated Nephrogram 


COMMON 


Acute ureteral obstruction 
Pyelonephritis 


UNCOMMON 


Autosomal recessive polycystic kidney disease 
Acute renal vein thrombosis 
Renal contusion 


RARE 
Radiation nephritis 


tis, acute RVT, renal contusion, and immediately after 
radiation therapy to the kidney (Box 4-6). 

Whether a striated nephrogram is present or not, 
delayed images are helpful when acute obstruction is 
suspected to confirm the presence of hydronephrosis 
and determine the level of obstruction because nephro- 
graphic findings of obstruction can be identical to the 
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Computed tomography (CT) imaging of acute ureteral obstruction. Aj Axial enhanced, nephrographic 
phase CT image through the kidneys, obtained for evaluation of acute onset of right flank pain shows the anticipated 
appearance of the left kidney and delay in contrast excretion on the right with persistence of the corticomedullary 
phase. Note the dilated right collecting system with perinephric stranding. B, Axial CT image obtained after a 
10-minute delay shows clearance of contrast from the left renal parenchyma and opacification of the collecting system 
with a persistent dense nephrogram and delayed opacification of the dilated collecting system on the right, findings 
typical of acute, high-grade obstruction. C, Delayed axial CT image through the distal ureters shows the obstructive 
source, a stone above the right ureterovesical junction (arrow). 


findings associated with other entities, such as RVT. 
When evidence of ureteral dilatation is also detected, 
ureteral obstruction is indicated. Diagnosis of obstruc- 
tion is usually not difficult with imaging (Fig. 4-14). 

Duplication anomalies generally lead to enlargement 
of the kidney as a result of the overall increase in renal 
mass. These can be easily diagnosed with most imaging 
modalities because separate collecting system elements 
with normal intervening renal parenchyma separate 
surrounding renal sinus fat into two distinct regions 
(Fig. 4-15). Rarely, triplication, tetraplication, and 
duplication anomalies of even greater number are 
detected, although they are often of little or no clinical 
significance. 

Infiltration of the kidney parenchyma can lead to 
reniform enlargement, which is usually due to inflam- 
matory processes such as acute pyelonephritis, xantho- 
granulomatous pyelonephritis (XGP), or infiltration 
secondary to trauma and renal contusion. 


Imaging of patients with acute uncomplicated pyelo- 
nephritis is not usually necessary because this is a 
clinical diagnosis and imaging usually adds nothing to 
management planning. However, occasionally, pyelone- 
phritis is detected in patients being imaged for other 
reasons, or evaluation is undertaken in a patient who 
has not responded to appropriate antibiotic manage- 
ment in search of complicating features. When imaging 
is performed, CT is very sensitive and usually provides 
the most useful information, with regard to both renal 
parenchymal infection and potential complications. 
With acute pyelonephritis, the involved kidney is 
enlarged, often with associated perinephric inflamma- 
tory stranding. After administration of contrast mate- 
rial, parenchymal enhancement is heterogeneous. 
Parenchymal involvement may be focal or diffuse. The 
edema related to the inflammatory process leads to 
decreased perfusion in the affected region resulting in 
nephrographic defects, which may be wedge shaped. 
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FIGURE 4-13 Acute obstruction with development of a striated nephrogram. A, Enhanced axial computed tomog- 
raphy (CT) image through the kidneys shows asymmetric contrast material progression with the nephrographic phase 
evident in the right kidney and the corticomedullary phase on the left. Note left-sided collecting system dilatation 
and perinephric stranding consistent with acute obstruction. B, Delayed axial CT image shows a dense, persistent 
nephrogram on the left with development of parenchymal striations, best seen posteriorly (arrows). 


FIGURE 4-14 Value of delayed imaging for diagnosis of obstruction. A, Enhanced axial computed tomography (CT) 
image at the renal level, obtained for evaluation of right flank pain, shows mild right collecting system dilatation and 
slight delay in contrast excretion from the right kidney compared with the left. B, Enhanced axial CT image through the 
anatomic pelvis reveals a corpus luteum in the right ovary with some adjacent adnexal edema. A small calcification 
(arrow) could not be confidently placed within the ureter due to anatomic uncertainty. C, A plain abdominal film 
obtained 45 minutes after contrast material was injected for the CT examination shows mild right ureteral dilatation with 
a standing column of contrast material in the ureter (columnization) to the level of the calcification seen in the right side 
of the pelvis at CT, confirming ureteral obstruction from a stone as the cause of the patient’s symptoms. 
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Unilateral renal enlargement with collecting system 
duplication.} A, Ultrasound (US) image of the right kidney reveals a 
kidney with renal length of 14.3 cm. Note the separation of the sinus 
echo complex into two distinct regions by a bar of normal renal 
parenchyma (arrow), indicative of the presence of a duplication 
anomaly of the collecting system. B, US image of the normal left 
kidney with a renal length of 10.9 em. Note the normal appearance 
of the renal sinus echo complex. 


Nephrographic striations may also be seen as a result 
of tubular contrast stagnation with adjacent edema (Fig 
4-16). Delay in renal excretion of contrast material with 
reduced or delayed collecting system opacification may 
also be present. 

Although focal pyelonephritis is less common than 
the diffuse form, the findings are similar to those seen 
with diffuse pyelonephritis. The affected area will dem- 
onstrate hypofunction, swelling, and heterogeneity of 
the nephrogram. Because swelling is focal, the infected 
segment of the kidney may mimic an infiltrating tumor. 
The presence of fever, abnormal urinalysis, and ele- 
vated white blood cell count are important clinical 
clues to the correct diagnosis (Fig. 4-17). 

Urography and US are often normal in acute pyelo- 
nephritis. US can be used to exclude the presence of 
obstruction as a complicating feature. Parenchymal 
infection may lead to detectable sonographic abnor- 
malities including areas of increased or decreased echo- 
genicity with altered parenchymal blood flow at color 
Doppler imaging (Fig. 4-18). 


Acute pyelonephritis with diffuse renal involvement. 
Enhanced axial computed tomography (CT) image during the corti- 
comedullary phase |(A)}]and delayed axial CT image through the 
kidneys (B) reveal diffuse right renal enlargement with inhomoge- 
neous parenchymal enhancement and development of a striated 
nephrogram, typical imaging findings of acute renal parenchymal 
infection. This examination was performed because of persistent 
fever and flank symptoms after institution of antibiotic therapy with 
concern for renal abscess development. 


In some cases the causative bacteria release an 
endotoxin, which leads to diminished muscle tone 
and results in hydroureteronephrosis. This finding 
is of particular concern because it can lead to an erro- 
neous diagnosis of ureteral obstruction. One should 
be aware of this enigmatic finding and be cautious in 
diagnosing ureteral obstruction with suspected acute 
pyelonephritis. 

Although the imaging findings are of interest, the 
major thrust of renal imaging in parenchymal infections 
should be the exclusion of parenchymal abscesses. The 
presence of liquefaction usually implies the need for 
additional or prolonged therapeutic management of 
infected patients. Antibiotic therapy is often coupled 
with percutaneous or surgical drainage of parenchymal 
abscesses. 
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FIGURE 4-17 Focal pyelonephritis at computed tomography (CT). 
A,| Enhanced axial CT image during the corticomedullary phase 
shows a focally swollen area with inhomogeneous enhancement in 
the upper pole of the right kidney. B, Nephrographic phase imaging 
at the same level confirms the abnormal parenchymal process. In this 
young patient with fever, flank pain, and presence of bacteria in the 
urinalysis, an infectious process is the primary consideration. This 
appearance with other clinical presentations may warrant expansion 
of the differential diagnosis to include neoplasm. 


Emphysematous pyelonephritis, an uncommon 
form of acute pyelonephritis, is characterized by renal 
parenchymal infection with a gas-producing organism. 
Most patients with emphysematous pyelonephritis 
have poorly controlled diabetes, and it is a potentially 
life-threatening infection. Untreated emphysematous 
pyelonephritis has been associated with a mortality rate 
of up to 90%. While emergency nephrectomy is the 
generally accepted therapy for emphysematous pyelo- 
nephritis, localized involvement has been successfully 
treated with percutaneous drainage and systemic anti- 
biotics. Gas in the renal bed may be visualized on plain 
abdominal radiographs (Fig. 4-19). Once gas in the 
renal bed is suggested, CT should be obtained to confirm 
its location and determine the extent of the gas collec- 
tion (Fig. 4-20). The treatment algorithms somewhat 
depend on the location and distribution of gas in and 
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IGURE 4-18 Focal pyelonephritis at ultrasound (US).[A] Longitu- 
dinal US image of the right kidney shows a wedge-shaped area of 
increased echogenicity in the upper pole of the kidney, anteriorly 
(arrows). B, The power Doppler US image shows decreased flow to 
this area of the kidney, which is due to parenchymal inflammation 
and edema. 


IGURE 4-19 Emphysematous pyelonephritis, plain radiography. A 
cone-down view of the left renal bed demonstrates striated gas spread 
throughout the left kidney. Several crescentic collections of gas are 
noted in a subcapsular location. 
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Diffuse emphysematous pyelonephritis on computed 
tomography. Unenhanced axial image and the same image 
obtained using lung windows (B) reveal extensive gas within the 
parenchyma of the right kidney. Gas is also seen in the perinephric 
space anteriorly and posteriorly (arrows in A). Such extensive renal 
involvement usually implies a need for emergent nephrectomy. Note 
the pancreatic parenchymal calcifications in A, suggesting chronic 
pancreatitis as a cause of diabetes mellitus in this patient. 


around the kidney. With CT the location of the gas can 
be accurately identified. Further, gas within the kidney 
should be characterized as localized or diffuse. If gas is 
diffusely spread throughout the renal parenchyma, 
then surgical nephrectomy is indicated in most cases. 
Nephrectomy is indicated to remove the source of 
infection because the kidney is likely to be irreversibly 
damaged and unsalvageable. However, if gas is localized 
within one area of the renal parenchyma, and preserva- 
tion of functioning renal tissue is a high priority, then 
percutaneous drainage of this focal infection can be 
attempted (Fig. 4-21). This is usually performed under 
CT guidance. When percutaneous management is con- 
templated, it is essential to evaluate the involved kidney 
for possible ureteral obstruction. This is often coexis- 
tent with emphysematous pyelonephritis and it must 
be treated simultaneously. If present, obstruction 
should be treated with stenting or percutaneous neph- 
rostomy placement in addition to drainage of the 
infected parenchyma. Finally, systemic antibiotics 
must be administered. This nonsurgical approach to the 
management of localized emphysematous pyelonephri- 
tis is usually successful and results in resolution of 
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Localized emphysematous pyelonephritis with drain- 
age [A] Ultrasound image of a right lower quadrant transplant kidney 


was obtained in a patient with fever and pain. There is an echogenic 
region in the parenchyma of the kidney with posterior shadowing 
(arrows). B, Unenhanced axial computed tomography (CT) image 
through the transplant kidney confirms the presence of localized 
parenchymal gas, consistent with focal emphysematous pyelonephri- 
tis (arrowhead). C, Renal salvage was successful in this living related 
donor-transplanted kidney with CT-guided placement of a drainage 
catheter and aggressive antibiotic therapy. 
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Percutaneous drainage of gas-containing subcapsular renal abscess.[A,]Unenhanced axial computed 
tomography (CT) scan shows a subcapsular fluid and gas-containing collection distorting the parenchymal regions of 
the left kidney. B and C, Axial CT images obtained at the time of placement of a percutaneous drainage catheter into 
the subcapsular space. Antibiotic therapy, coupled with drainage, was successful in treating the infectious process. 


infection and preservation of function in the involved 
kidney. If the infection continues to progress after ade- 
quate percutaneous drainage and urinary tract decom- 
pression, then surgical nephrectomy may still be 
required. 

Gas collections elsewhere in the renal bed can also 
be treated nonsurgically in many cases. Perinephric 
gas-containing abscesses are usually treated success- 
fully with percutaneous drainage and systemic antibi- 
otic therapy (Fig. 4-22). Gas that is localized within the 
intrarenal collecting system or ureter, which is the 
result of a gas-producing infection, is also treated non- 
surgically in most cases. A gas-producing infection in 
the collecting system, without renal parenchymal 
involvement, is known as emphysematous pyelitis (Fig. 
4-23). This is usually seen with obstruction of the ureter 
and coexistent infection. It is really a subtype of 


pyonephrosis, and is treated in a similar fashion. Treat- 
ment with systemic antibiotics coupled with urinary 
tract decompression usually results in prompt resolu- 
tion of the infection. Urinary tract decompression can 
be obtained with either ureteral stenting or percutane- 
ous nephrostomy drainage. In most cases nephrostomy 
drainage is preferred because it is cost-effective when 
compared with ureteral stenting. A large-bore catheter 
may be necessary to drain the viscous, debris-laden 
urine, and the presence of the nephrostomy tube 
allows for direct measurement of urine output from the 
treated kidney and may provide percutaneous access 
for stone therapy following treatment of the associated 
infection. 

Infiltration of the kidney can also be due to cellular 
infiltrates from chronic inflammation, as is seen with 
XGP. These patients typically have a history of chronic 
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Emphysematous pyelitis at computed tomography 
(CT) [Afand B, Unenhanced axial CT images obtained for right flank 
pain and fever reveal gas in calyces peripheral to obstructing 
stones in the right kidney (arrow in A and B). The imaging findings 
imply a gas-forming infection in association with collecting system 
obstruction equivalent to pyonephrosis. Urgent therapy, aimed at 
relief of the obstruction and coupled with antibiotic therapy, is war- 
ranted to prevent progressive parenchymal involvement and greater 
morbidity. 


or recurrent urinary tract infections, usually caused 
by Escherichia coli or Proteus mirabilis. In 80% of 
patients, nephrolithiasis is coexistent and is the likely 
source of obstruction, contributing to the development 
of XGP. Histologically, XGP is due to replacement of 
renal parenchyma with lipid-laden macrophages. This 
leads to reniform enlargement of the kidney, with 
diminished or absent function. Before the widespread 
use of cross-sectional imaging, a classic urographic 
triad associated with XGP included nephrolithiasis 
associated with renal enlargement and diminished or 
absent renal function (Box 4-7). This triad is reprised 
in various ways on other imaging modalities. One 
imaging clue that aids in the diagnosis of XGP is the 
fragmented stone sign (Fig. 4-24). When XGP develops, 
it may lead to rapid infiltration and expansion of the 
renal parenchyma, which may cause fracture and 


Xanthogranulomatous pyelonephritis (XGP). This 
scout film for a urogram demonstrates a staghorn calculus with sepa- 
ration of the stone components (fragmented stone) in the right 
kidney. The renal outline is not well demonstrated, but based on the 
size of the renal stone, the kidney is definitely enlarged. Following 
contrast material injection there was no perceptible function in this 
right kidney. This triad of findings is typical of XGP. 


BOX 4-7 Imaging Signs of XGP 


Unilateral reniform enlargement 
Unilateral renal hypofunction 
Renal stone 

“Fractured stone” sign 


XGP, Xanthogranulomatous pyelonephritis. 


disruption of an associated renal calculus. Many 
infection-based calculi are branched, but fragments are 
usually contiguous, or at least closely related. Identifi- 
cation of a fractured, branched stone suggests the 
development of XGP, and further imaging is indicated. 
Although US will demonstrate reniform enlargement, 
intraparenchymal debris-filled cystic spaces, loss of the 
corticomedullary differentiation, and the renal calcu- 
lus, the technique often has limited diagnostic ability 
compared with urographic or CT studies. With CT, the 
central renal stone is usually visualized on uninfused 
studies. Extrarenal inflammatory changes are common. 
With contrast infusion, some residual parenchymal 
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Xanthogranulomatous pyelonephritis_on computed 
tomography (CT). Unenhanced axial CT images|(A and B)j and an 
oblique coronal reconstructed image (C) through the abdomen in a 
disabled patient with chronic right flank pain show a massively 
enlarged right kidney (26 cm length x 16 cm transverse) with a large 
centrally obstructing stone (arrow in A and C) and numerous addi- 
tional peripherally located stone elements (fragmented stone). The 
low-attenuation regions in the enlarged kidney represent parenchy- 


mal replacement by the diffuse, chronic infectious process. 


enhancement is demonstrated in most cases. This 
parenchyma surrounds radially oriented cystic spaces 
representing necrotic debris within the parenchyma. 
This appearance may mimic hydronephrosis at imaging. 
In fact, the cystic spaces represent parenchymal cavi- 
ties rather than obstructed calyces (Fig. 4-25). Retro- 
grade pyelograms usually demonstrate a very contracted 
and irregular pyelocalyceal system. Flow into extrauri- 
nary fistulas may be demonstrated with contrast studies. 

There is a marked female predominance with XGP, 
probably because of the generally higher prevalence of 
urinary tract infections in the female population. 
Approximately 10% of patients with XGP also have 


diabetes mellitus. Although XGP is a benign condition, 
it often spreads beyond the kidney. Inflammatory 
changes are often seen in contiguous structures, includ- 
ing the perinephric space, the psoas muscle, and other 
retroperitoneal structures (ig. 4-26). Cutaneous or 
enteric fistulas may develop. In some cases an elevation 
in liver enzymes occurs and suggests associated liver 
disease (Stauffer syndrome). After nephrectomy, liver 
enzymes will return to normal levels. It is likely that 
liver enzymes are elevated because of massive tissue 
necrosis associated with the renal parenchymal replace- 
ment seen with XGP. Unlike people with typical acute 
renal infections, these patients usually present with 
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Xanthogranulomatous pyelonephritis (XGP) with extrarenal extension. Enhanced axial (A) 
and sagittal reconstructed (B) computed tomography images show a centrally obstructing stone in the 
right kidney with cystic areas replacing the renal parenchyma that also contain stone elements. At the 
posterior aspect of the kidney, the process has broken through the renal parenchyma (arrow in A and B) 
to extend through the posterior pararenal space and into the soft tissues of the right posterior flank. 
Although this patient had a history of chronic urinary tract infections, the study was performed for 
evaluation of a chronically draining sinus attributed to a skin infection. Aspiration of material from the 
flank provided pathologic confirmation of the presence of XGP. 


Renal vein thrombosis (RVT). A, Enhanced axial computed tomography scan 
through the kidneys shows an enlarged right kidney with delayed contrast progression as compared 
with the left kidney. Note the absence of contrast in the right renal vein (arrow) compared with the 
left. B, A plain abdominal image coned to the right kidney obtained 2 hours later shows no 
obstructive changes in the collecting system or proximal ureter. There is subtle irregularity in the 
margins of the opacified collecting system, likely a reflection of mural edema from the impaired 
venous outflow. Devel-opment of right RVT followed abdominal surgery. 


chronic systemic symptoms with a background of 
chronic urinary infections. Anorexia, malaise, weight 
loss, and fever are typically associated with XGP. 
Because the kidney is irrevocably damaged with the 
diffuse form of XGP, nephrectomy is the only appropri- 
ate therapy. 

Renal contusion in the acute phase can lead to 
diffuse enlargement of the kidney. Obviously, this is 
seen in the trauma setting, and the diagnosis is usually 
not in doubt. Parenchymal swelling is associated with 
nephrographic heterogeneity that is particularly well 
demonstrated on CT. Parenchymal striations and renal 
hypofunction are often associated with contusion. 

Acute ischemia or vascular engorgement can also 
lead to smooth enlargement of the involved kidney. 
This pattern is most typical of acute RVT. With acute 


RVT, the kidney will be swollen and hypofunctioning 
(Fig. 4-27). Excretion of contrast material will be 
delayed or even absent in severe cases. Hydronephrosis 
is not present because the ureter is unaffected in RVT. 
The thrombosis may be demonstrated with US, MRI, 
or contrast-infused CT. RVT in adults is most com- 
monly associated with coagulopathy as seen with diffuse 
intravascular coagulopathy, collagen vascular diseases, 
nephrotic syndrome, and some hemoglobinopathies. 
RVT is also seen in patients with acute glomerulone- 
phritis of the membranoproliferative subtype and with 
renal amyloid. In many cases RVT is idiopathic. Because 
symptoms and some imaging features (reniform enlarge- 
ment, delayed nephrographic progression and collect- 
ing system opacification, flank pain, and hematuria) 
mimic those of ureteral obstruction, imaging of the 
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Renal artery embolus. Enhanced axial computed 
tomography image from a study obtained for evaluation of the acute 
onset of right flank pain reveals an enlarged right kidney with 
decreased parenchymal enhancement in the anterior half of the 
kidney. There is a filling defect in the main right renal artery (arrow). 
A cardiac source was subsequently established as the cause of the 
arterial embolus. Note the small posteriorly located parenchymal 
cyst. 


collecting system is crucial in patients with possible 
RVT. Absence of collecting system dilatation suggests a 
vascular etiology such as RVT. 

Another vascular abnormality that may lead to reni- 
form enlargement of the kidney in the acute phase is 
arterial occlusion, which is usually seen in patients with 
acute renal artery injury or dissection or thromboem- 
bolic disease (Fig. 4-28). When renal infarction is global, 
the kidney swells acutely and is nonfunctional. The 
diagnosis can be confirmed with Doppler US or contrast- 
infused CT. With contrast infusion, a rim nephrogram 
may be present and is indicative of parenchymal isch- 
emia associated with minimal residual perfusion of the 
outer cortex, which is supplied by capsular collaterals 
(Fig. 4-29). This finding is quite typical for acute arte- 
rial obstruction. Segmental infarcts rarely lead to sig- 
nificant enlargement of the kidney, but otherwise have 
similar imaging features in the involved segments of the 
kidney. 

Some renal neoplasms grow by infiltration of the 
kidney; that is, they grow along and replace normal 
renal parenchyma (Chapter 3). These neoplasms can 
lead to unilateral reniform enlargement. However, 
because they may cause unilateral smooth renal enlarge- 
ment, they must be considered in this category of pat- 
terns. The most common of these neoplasms is 
transitional cell carcinoma (TCC). TCC patients usually 
present with gross hematuria. Imaging features that 
support a diagnosis of TCC are nonvisualization of 
calyces, polypoid filling defects in the calyces or renal 
pelvis, soft-tissue mass in the renal sinus, and associ- 
ated retroperitoneal lymphadenopathy. Another neo- 
plasm with similar appearance is the squamous cell 
carcinoma (SCC), an uncommon urothelial neoplasm. 
At imaging, this appears identical to the TCC with the 
same features as those mentioned earlier. However, 


Rim nephrogram. Enhanced axial |(A)| and coronal 
reconstructed (B) computed tomography images, obtained in a 
patient 48 hours after extensive bowel resection for intestinal isch- 
emia, show a rim nephrogram (arrows in A and B) in the right kidney 
due to main renal artery occlusion from a cardiac embolic shower. 
Residual perfusion of the outer few millimeters of the renal cortex 
may be maintained by capsular collateral vessels. The appearance is 
usually indicative of a major vascular insult to the kidney. 


some clues may suggest the diagnosis of SCC rather 
than TCC. For a primary SCC to develop, there must 
be preexisting metaplasia of the normal transitional 
epithelium of the collecting system. This occurs as a 
result of chronic irritation, often due to renal stone 
disease. Therefore the presence of a renal stone in 
association with an infiltrating renal neoplasm is sug- 
gestive of the diagnosis of SCC (Fig. 4-30). A renal stone 
can be detected in approximately half of the patients 
with renal SCC. Other primary infiltrating renal neo- 
plasms are rare. 

Some secondary neoplasms may involve the kidney, 
causing renal enlargement. Neoplasms that typically 
cause this pattern of renal involvement are leukemia, 
lymphoma, and metastatic SCC. With metastatic 
disease, lesions are usually multiple and typically bilat- 
eral, another radiographic pattern which is discussed 
later in this chapter. 
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FIGURE 4-30 Renal enlargement due to infiltrative squamous cell carcinoma (SCC). A and B, Unenhanced axial computed tomography 
images reveal a stone in the left kidney. Although there is dilatation of calyces proximal to the stone (arrow in A and B), most of the 
enlargement is due to a soft-tissue process that infiltrates and enlarges the kidney. Retrograde endoscopic biopsy revealed infiltrative SCC. 


> $ 3 
FIGURE 4-31 Renal enlargement due to hemihypertrophy. A 
urogram demonstrates diffuse changes of medullary sponge 
kidney (MSK). In addition, unilateral enlargement of the left 
kidney is noted. There is also enlargement of the left iliac 
wing and associated scoliosis. Hemihypertrophy is sometimes 
found in association with (MSK). 


Finally, acute arteritis induced by radiation therapy 
leads to swelling of the kidney and hypofunction. The 
appearance is similar to that of other vascular causes 
of renal enlargement. In ensuing months, renal atrophy 
develops in the affected kidney. 

The final category leading to unilateral smooth 
enlargement of the kidney is hypertrophy. Unilateral 
renal hypertrophy is usually the result of an abnormal- 
ity in the contralateral kidney. This may be due to renal 
absence or a process leading to functional impairment. 
Hypertrophy describes enlargement of existing glom- 
eruli rather than generation of new glomeruli (impos- 
sible in mature kidneys). Renal hypertrophy is possible 
in patients of all ages, but seldom occurs in patients 
beyond their seventh decade. Renal hypertrophy 
usually presents little diagnostic difficulty because the 
kidney will be enlarged, but appears normal, otherwise. 
In addition, the contralateral renal absence or abnor- 
mality will be evident. Occasionally, compensatory 
hypertrophy occurs focally in the kidney and leads to 
the formation of a pseudotumor. Renal pseudotumor 
implies focal enlargement of normal renal parenchyma, 


which in some ways mimics a neoplasm. This usually 
occurs when part of a kidney is atrophic or diseased 
so that hypertrophy of these segments is limited or 
impossible. Normal segments undergo hypertrophy 
when needed, and this can lead to development of a 
pseudotumor. In all other regard, this area of kidney 
appears normal, with normal subtending calyces and 
echotexture. 

In rare cases, underlying congenital abnormality 
causes renal hypertrophy. When patients have hemihy- 
pertrophy, the kidney on the involved side may enlarge. 
Although this process is rare, it is of interest to the 
uroradiologist because hemihypertrophy is associated 
with other genitourinary abnormalities. In a small 
number of patients with medullary sponge kidney 
(MSK), a common urographie abnormality, hemihyper- 
trophy is an associated abnormality (Fig. 4-31). In these 
patients, MSK is evident, and careful scrutiny of the 
radiographs also yields evidence of unilateral reniform 
enlargement and musculoskeletal asymmetry, often 
associated with scoliosis. Other abnormalities associ- 
ated with hemihypertrophy include Wilms’ tumors, 
pheochromocytoma, and syndromes such as the 
Beckwith-Wiedemann syndrome. 

In summary, the cause of unilateral smooth enlarge- 
ment of the kidney can often be determined with 
imaging studies, which can lead to a diagnosis of acute 
ureteral obstruction, duplication anomaly, or compen- 
satory hypertrophy. Clinical evidence of pyelonephritis 
should be sought in patients with this radiographic 
abnormality. If patients do not readily fit into one of 
these categories, vascular etiologies or infiltrating neo- 
plasms should be considered and these are usually well 
evaluated with US or contrast-infused CT. The coexis- 
tence of an infection-based stone and markedly dimin- 
ished renal function is virtually diagnostic of XGP. If 
none of these entities appropriately fits the imaging 
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findings on a single modality, then further investigation 
may be needed. Occasionally a focal renal mass located 
in one pole of the kidney may mimic reniform enlarge- 
ment of the kidney. Once detected, renal tumors are 
a major diagnostic consideration. Rarely, unilateral 
enlargement may represent the early presentation of 
bilateral renal disease, and follow-up imaging will dem- 
onstrate more symmetric involvement of both kidneys. 


In patients with bilateral renal enlargement, the first 
major task is to distinguish between a process caused 
by the presence of multiple renal masses and enlarge- 
ment without associated mass effects. Renal masses are 
usually evident with imaging studies because they cause 
focal contour abnormalities and associated alterations 
of collecting system anatomy. If these features are 
present, multiple renal masses must be considered as 
the cause of kidney enlargement, and the diagnostic 
paradigm is completely different from that of bilateral 
smooth renal enlargement. 


The list of diseases causing bilateral smooth renal 
enlargement is extensive (Box 4-8). Many of the entities 
are obscure. However, it is useful to be aware of such 
entities to plan further imaging for clinical evaluation 
and management. The single most common cause of 
bilateral smooth renal enlargement is diabetic nephrop- 
athy, which accounts for at least half of the cases. 
Diabetes can affect the kidney in a number of ways 
and often eventually leads to renal insufficiency or 
failure. Bilateral renal enlargement can occur in this 
nephropathy spectrum, and in some patients precedes 


BOX 4-8 Causes of Bilateral Smooth 
Renal Enlargement 


COMMON 
Diabetic nephropathy 


UNCOMMON 


Acute glomerulonephritis 

Collagen vascular diseases 

Vasculitis 

HIV-associated nephropathy 

Leukemia 

Lymphoma 

Autosomal recessive polycystic kidney disease 
Acute interstitial nephritis 


RARE 


Hemoglobinopathy (sickle cell, thalassemia) 
Acromegaly 

Acute urate nephropathy 

Amyloidosis 

Myeloma 

Fabry disease 

Bartter syndrome 

von Gierke disease 


HIV, Human immunodeficiency virus. 


definitive chemical evidence of diabetes by a year or 
more. In diabetic patients with adequate renal function, 
the kidneys may be enlarged, but otherwise appear 
normal on imaging studies. With US, echogenicity of 
the kidneys is normal (Fig. 4-32). Therefore presence 


RT KID SAG 


LT KID SAG 


Bilateral renal enlargement from diabetes mellitus. 
A and B,]Ultrasound images, obtained for evaluation of elevated blood 
urea nitrogen and creatinine in a patient with type I diabetes mellitus, 
show bilateral renal enlargement (right, 13.7 cm length; left, 13.2 cm 
length) with an otherwise normal sonographic appearance. C, Unen- 
hanced coronal computed tomography image confirms the reniform 
enlargement, absence of obstructive changes, and reveals the pres- 
ence of bilateral perinephric stranding. 


The Kidney: Diffuse Parenchymal Abnormalities 129 


of diabetic nephropathy depends on clinical parameters 
indicating coexistence of diabetes mellitus or on biopsy 
confirmation. 

The imaging pattern of bilateral, smoothly contoured 
nephromegaly can also be seen in acute glomerulone- 
phritis. This disease encompasses a spectrum of histo- 
logic abnormalities and any of these processes, during 
its acute phase, can lead to renal enlargement. The 
renal enlargement is thought to be due to edema incited 
by diffuse parenchymal inflammation initiated by glo- 
merulonephritis. Because these patients often present 
with renal functional impairment, use of contrast mate- 
rial is avoided. Imaging findings are nonspecific and 
definitive diagnosis usually depends on percutaneous 
biopsy. The major role of imaging in these patients is 
to exclude postrenal causes of renal insufficiency 
because these may be reversible with urinary tract 
decompression (Fig. 4-33). 

Smoothly contoured, bilateral renal enlargement 
may also be seen in human immunodeficiency virus 


LOGIQ 
E9 
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(HIV)-associated nephropathy. Clinically, these 
patients exhibit deterioration in renal function, 
nephrotic-range proteinuria, and azotemia without 
edema or hypertension. US is the usual imaging 
procedure of choice, where in addition to enlargement, 
the kidneys appear echogenic (Fig. 4-34). As with 
other disease processes producing this pattern, 
definitive diagnosis depends on renal biopsy findings. 


Generalized infiltration of the renal parenchyma 
with cells (leukemia or lymphoma; Fig. 4-35) or other 
materials (amyloid or myeloma) may also produce 
smoothly contoured, bilateral nephromegaly. Renal 
involvement is usually a reflection of systemic disease, 
and imaging findings should be interpreted in the clini- 
cal context. 

Collagen vascular diseases, autoimmune disorders, 
and vasculitides can also cause bilateral smooth renal 
enlargement including such entities as systemic lupus 
erythematosus, Goodpasture syndrome, Wegener gran- 
ulomatosis, Henoch-Schénlein purpura syndrome, and 
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Bilateral renal enlargement from glomerulonephritis. Right (A) and left (B) renal ultrasound images reveal enlarged 
kidneys (both kidneys > 13 cm length) with increased parenchymal echo-genicity compared with the adjacent index organs. The 
examination was performed to rule out obstruction, when elevated blood urea nitrogen and creatinine levels were discovered in a 
26-year-old woman. Note the right pleural effusion. The liver and spleen were also enlarged. The patient was ultimately diagnosed 
with rapidly progressive glomerulonephritis associated with systemic lupus erythematosus. 
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Bilateral renal enlargement from human immunode-ficiency virus-associated nephropathy. Right (A) and left (B) renal 
ultrasound images reveal enlarged kidneys (right, 14 cm length; left, 13.8 cm length) with marked increased renal parenchymal echo- 
genicity compared with index organs. The sonographic findings are typical of the disease, but histologic confirmation may be necessary. 
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Bilateral renal enlargement from leukemic infiltra- 
tion. Right (A) and left (B) renal ultrasound images from a 14-year-old 
boy, who presented with easy bruising, malaise, and weight loss with 
elevated blood urea nitrogen and creatinine levels and astronomical 
white blood cell count, revealed bilateral smooth renal enlargement 
(right kidney, 19.5 cm length; left kidney, 21.1 cm length) and 
increased parenchymal echogenicity compared with adjacent index 
organs. Following induction therapy for acute myeloid leukemia, the 
renal size and sonographic appearance returned to normal. 


polyarteritis nodosa. Associated clinical symptoms 
often provide clues to the correct diagnosis. Pulmonary 
hemorrhage is often associated with Goodpasture syn- 
drome. Diffuse purpura is seen in association with 
Henoch-Sch6énlein purpura syndrome. Wegener granu- 
lomatosis is usually associated with sinusitis and 
hemoptysis. Polyarteritis nodosa is a multiorgan disease 
process, although hematuria and renal disease are often 
the dominant problems. Polyarteritis nodosa is a strong 
possibility when numerous aneurysms are detected by 
angiography (Fig. 4-36) and there is laboratory evi- 
dence of an ongoing systemic inflammatory process. 
Renal biopsy may be required to confirm the etiology 
of the renal disease. 

Other rare causes of smooth, bilateral renal enlarge- 
ment are presented in Box 4-8. Many of the other enti- 
ties in this list are rare, or they uncommonly involve 
the kidneys. Again, clinical context is crucial, although 
renal biopsy is often required for exact diagnosis of 
entities in this category. 


Parenchymal enlargement may be due to displacement 
or replacement of normal parenchyma by multiple 
renal masses, leading to overall enlargement of the 
renal outlines (Box 4-9). Contour bulges and collecting 
system displacement are associated findings. A number 
of these entities are described in greater detail in 
Chapter 5; others deserve further discussion here. 

The most common cause of marked renal enlarge- 
ment with multiple renal masses is autosomal 
dominant polycystic kidney disease (ADPKD). ADPKD 
is the most common hereditary renal cystic disease 
and is characterized by the development of innumerable 
simple renal cysts. Commonly, these cysts lead to massive 
enlargement of the renal enlargement of the kidneys. 
Sometimes, in addition, a feature somewhat unique to 
ADPKD is massive enlargement of the collecting system in 
association with the parenchymal enlargement (Fig. 4-37). 
Unlike other mass lesions in the kidney, which com-press 
the collecting system, in some cases ADPKD leads to 
dilatation unrelated to obstruction. This appearance 
is akin to enlargement of the uterine cavity, as is seen 


Renal enlargement from polyarteritis nodosa. In this patient with bilateral renal enlargement, a renal 
arteriogram demonstrates multiple renal artery branch aneurysms (arrowhead) with adjacent infarctions (arrow). 
These angiographic findings are very suggestive of polyarteritis nodosa although they are uncommonly seen with other 


forms of arteritis. 
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BOX 4-9 Bilateral Renal Enlargement with Masses 


COMMON 
Autosomal dominant polycystic kidney disease 


UNCOMMON 


Acquired renal cystic disease 
Multiple simple cysts 
Lymphoma 

Metastases 

Wilm’s tumors 


RARE 


Tuberous sclerosis 

von Hippel-Lindau disease 
Birt-Hogg-Dube syndrome 
Hereditary papillary RCCs 
Nephroblastomatosis 


RCC, Renal cell carcinoma. 


in association with multiple uterine fibroids. Other 
cystic diseases of the kidneys do not typically produce 
this pattern. 

Clinical features of ADPKD are typical, although 
there is a spectrum of disease. This disease has a high 
degree of penetrance, which means that those who 
inherit the gene are very likely to manifest typical 
abnormalities. ADPKD is the third most common cause 
of end-stage renal disease after diabetes mellitus and 
hypertension. Patients often first present in their third 
or fourth decade with a variety of symptoms including 
hypertension, flank pain, pyelonephritis, urolithiasis, 
hematuria, or renal insufficiency. Imaging studies 
usually demonstrate a large number of simple cysts dif- 
fusely involving both kidneys in a disorganized fashion. 
The cysts usually vary in size, and with time, they 
progress to replace virtually all normal renal paren- 
chyma (Fig. 4-38). Because so many cysts are present, 


Bilateral renal enlargement: autosomal dominant polycystic kidney disease (ADPKD). A, Unenhanced axial CT 


image through the kidneys shows marked renal enlargement due to replacement of the renal parenchyma of both kidneys by 
cysts of variable size, typical of ADPKD. B, A radiographic image obtained at the time of bilateral retrograde ureteropyelography, 
performed for evaluation of hematuria, shows bilateral enlarged and elongated, although unobstructed, collecting systems, with 
deformities reflecting the multiple cysts. This appearance is not usually seen with multiple solid mass lesions. 


Autosomal dominant polycystic kidney disease: magnetic resonance imaging (MRI). Axial (A) and coronal (B) T2-weighted MRIs 
show cysts of variable size completely replacing the renal parenchyma and consequently enlarging both kidneys. Note the slight asymmetry of 
renal involvement with the left kidney equaling the length of five vertebral bodies and the right about the length of four vertebral bodies. 
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Autosomal dominant polycystic kidney disease 
(ADPKD) with cyst infection. This unenhanced computed tomogra- 
phy image was obtained after a fever and left flank pain developed in 
a patient with known ADPKD. Note the gas within the anti-dependent 
portion of a cyst in the left kidney (arrows) with surrounding peri- 
nephric stranding, indicative of the presence of acute infection. Per- 
cutaneous drainage of the infected cyst coupled with antibiotic 
therapy provided effective treatment. 


complicated cysts are frequently seen coexisting 
with simple cysts. Complicated cysts may exhibit 
findings of acute hemorrhage, infection, internal septa- 
tions, or peripheral calcifications. Clinical symptoms in 
patients with ADPKD often relate to infection or hemor- 
rhage into preexisting, uncomplicated renal cysts 
(Fig. 4-39). In and of itself, ADPKD does not appear to 
be associated with a greater risk of renal malignancy. 
In up to 50% of patients, simple hepatic cysts are also 
demonstrated (Fig. 4-40). Cysts may also occur in 
other solid organs, but at considerably lower incidence 
rates. Cysts may be detected in the spleen, the pan- 
creas, the pelvic organs, and even the lung. Important 
associations include a 10% to 15% rate of intracranial 
berry aneurysm formation and a high rate of mild 
valvular heart disease. In addition, patients with 
ADPKD may have an increased risk of coarctation of 
the thoracic aorta and abdominal aortic aneurysm 
(Fig 1). 

Although the diagnosis of ADPKD with imaging 
studies is usually straightforward, some cases are atypi- 
cal. In approximately 10% of patients, cyst development 
is strikingly asymmetric. Usually, the less-affected 
kidney, in time, goes on to develop innumerable cysts 
typical of ADPKD, but at presentation this kidney may 
appear nearly normal. Some cysts are present in both 
kidneys, even in markedly asymmetric cases. Age at 
presentation, family history, and other clinical factors 
usually suggest the correct diagnosis. If in doubt, sur- 
veillance US or CT will demonstrate bilateral progres- 
sion of disease with time. In other cases, the presentation 
of ADPKD may be delayed or may progress slowly; some 
patients survive into their seventh or eighth decade 
without significant renal insufficiency. Such long sur- 
vival is uncommon, but it is one extreme of the spec- 
trum of ADPKD. 


Autosomal dominant polycystic kidney disease 
(ADPKD) with hepatic cysts in a young patient. Enhanced axial 
(A)} and coronal reconstructed (B) computed tomography images 
reveal innumerable cysts of varying size in modestly enlarged kidneys 
in this 26-year-old man with normal renal function. There are also 
scattered hepatic cysts (arrows in A and B), which support the diag- 
nosis of ADPKD in a younger patient. Although asymptomatic, the 
study was performed in this patient because of a positive family 
history. 


Other causes of multiple renal masses that can lead 
to bilateral renal enlargement are listed in Box 4-9. 
Numerous syndromes that are associated with cystic 
diseases of the kidney are similar radiographically to 
ADPKD. In addition, multifocal primary renal tumors 
or renal metastasis may lead to multiple solid renal 
masses that enlarge the renal contours (Fig. 4-42). 

Finally, three clinical entities are known to be associ- 
ated with the development of simple renal cysts and 
solid renal masses. Imaging studies may show bilateral 
renal enlargement with multiple renal masses in patients 
with any of the following three entities: von Hippel- 
Lindau (VHL) disease, tuberous sclerosis, and acquired 
cystic disease of dialysis (ACD). In VHL disease, 75% 
or more of patients develop simple renal cysts. VHL 
disease is the most common cause of hereditary renal 
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Autosomal dominant polycystic kidney disease 
(ADPKD) with abdominal aortic aneurysm (AAA) in a relatively young 
patient. An unenhanced coronal computed tomography image in this 
patient, who was status post left nephrectomy for multiple infected 
renal cysts, reveals typical changes of ADPKD in the remaining right 
kidney. Although he was only 42 years old, the patient had a bilobed 
AAA that measured 3.6 cm in maximal transverse diameter (arrows). 
Intracranial and aortic aneurysms and other vascular issues are a 
potential cause of morbidity in patients with ADPKD. 


cell carcinoma, which develops in 40% of these patients. 
In this group, a majority will have multiple, and often 
bilateral, tumors. In addition, these patients have 
hemangioblastomas of the central nervous system 
(CNS) and retinal angiomas. Other associated abnor- 
malities are cysts of other solid abdominal organs 
(particularly the pancreas), pheochromocytomas, para- 
gangliomas, pancreatic neuroendocrine tumors, endo- 
lymphatic sac tumors, and cystadenomas of the 
epididymis or broad ligament (Fig. 4-43). 

Eighty percent of patients with tuberous sclerosis 
will develop renal angiomyolipomas (AMLs). Although 
AMLs are described more thoroughly in Chapter 3, 
suffice it to say here that these benign hamartomas 
contain variable components of vascular, fat, and 
muscle tissue. In patients with tuberous sclerosis, AMLs 
are usually bilateral and multifocal, and they affect both 
sexes, although they tend to grow larger and are more 
numerous in women. Although they are benign, the 
mass effect caused by these tumors may lead to pain 
and urinary outflow obstruction. In addition, AMLs are 
known for their predilection to hemorrhage, but hemor- 
rhage is rare in lesions smaller than 4 cm in diameter. 
Larger AMLs can hemorrhage massively and cause 
acute symptoms and, in some cases life-threatening 
blood loss (Fig. 4-44). Patients with tuberous sclerosis 
also have an increased incidence of simple renal cyst 
formation. These cysts are less common than AMLs in 


Multifocal renal lymphoma with bilateral renal 
enlargement. Enhanced axial (A) fand coronal (B) computed tomog- 


raphy images of the kidneys show inhomogeneous parenchymal 
enhancement due to multiple lymphomatous deposits involving the 
parenchyma of both kidneys. The kidneys are mildly enlarged and 
the contour is irregular as a result of this multifocal process, the most 
common pattern of renal involvement with lymphoma. 


these patients, but cysts and AMLs often coexist. In 
fact, the coexistence of multiple AMLs with one or more 
simple renal cysts is said to be diagnostic of tuberous 
sclerosis. In one subgroup of patients with tuberous 
sclerosis, primarily in young children, numerous simple 
renal cysts develop in the absence of AML formation. 
The imaging appearance of these kidneys may closely 
resemble that of ADPKD. However, other clinical find- 
ings usually point to the diagnosis of tuberous sclerosis. 
There appears to be a small, but significant, increase in 
the incidence of renal cell carcinoma in patients with 
tuberous sclerosis. Other findings associated with 
tuberous sclerosis include a facial skin lesion known as 
adenoma sebaceum, mental retardation, and seizure 
disorder. The CNS abnormalities are related to periven- 
tricular hamartomas, which usually calcify and are 
evident on CNS imaging studies. Other known associa- 
tions are CNS giant-cell astrocytomas; truncal shagreen 
patch of rough, discolored skin; cardiac smooth muscle 
tumors; pulmonary lymphangioleiomyomatosis, which 
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von Hippel-Lindau (VHL) disease: computed tomog- 
raphy.[A\] Enhanced axial image through the upper abdomen shows 
numerous cystic pancreatic parenchymal lesions. A cyst is also 
present in the left upper renal pole. B, Enhanced axial image shows 
a solid, enhancing lesion in the mid left kidney (arrow). C, Enhanced 
axial image shows a complex right renal cyst with solid internal ele- 
ments (arrow). An additional cyst is seen in the medial left kidney. 
The combination of renal cysts, including those with complex fea- 
tures, solid tumors (renal cell carcinoma, often multiple and bilat- 
eral), and pancreatic cystic lesions is virtually diagnostic of VHL 
disease. 


Tuberous sclerosis: computed tomography (CT). 


[A find B, Unenhanced CT images from an institutionalized patient 


were obtained to evaluate the acute onset of right flank pain. The 
images show multiple fat-containing masses in both kidneys, consis- 
tent with angiomyolipomas (AMLs). A high-attenuation fluid collec- 
tion (63 HU) consistent with acute hemorrhage is seen posterior to 
the right kidney in A (arrow), and surrounding the lower renal pole 
(K) in B (arrow). Large AMLs have a tendency to bleed due to the 
presence of abnormal vasculature associated with these lesions. In 
this patient hemorrhage from the right kidney was controlled with 
vascular embolization. 


causes interstitial lung disease; and recurrent chylous 
effusions and pneumothorax. Also commonly seen are 
multiple bone islands or osteomas. Although this entity 
is rare, tuberous sclerosis and VHL disease include 
many radiographically important abnormalities whose 
manifestations should be well-known to radiologists. 
Last in this category is ACD. Patients requiring renal 
replacement therapy with either hemodialysis or peri- 
toneal dialysis usually develop cystic disease of their 
native kidneys. After 6 years of dialysis, at least 50% of 
patients will exhibit findings of ACD, and after 10 years, 
virtually all dialysis-dependent patients will show 
changes. At imaging, this is manifested as innumerable 
small parenchymal simple cysts spread throughout the 
kidneys. In some cases these cysts attain a large size, 
and the appearance of the kidneys is identical to that 
of ADPKD (Fig. 4-45). Seven percent of patients with 
ACD will also develop solid renal tumors. Although 
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Acquired cystic disease of dialysis (ACD): computed 
tomography (CT).|AJ Enhanced axial CT image through the upper 
abdomen shows normal-sized kidneys that contain scattered, simple- 
appearing cysts. This patient ultimately developed dialysis-dependent 
renal failure following treatment of other medical conditions. 
B, Unenhanced axial image through the kidneys obtained approxi- 
mately 5 years after A, and more than 4 years after initiation of dialy- 
sis, reveals bilaterally enlarged and irregularly contoured kidneys 
secondary to development of innumerable cysts of variable size. The 
appearance is very similar to autosomal dominant polycystic kidney 
disease. Review of past imaging may be critical to making the correct 
diagnosis of ACD in such cases. 


these tumors tend to progress very slowly, most are 
classified as malignant renal cell carcinomas. Therefore 
imaging of the native kidneys is recommended in these 
patients if any urinary tract symptoms, such as hema- 
turia or flank pain, develop. Demonstration of a solid 
renal mass on imaging studies indicates renal adenocar- 
cinoma. Because these tumors do not often metasta- 
size, nephrectomy is usually curative. 


The term nephrocalcinosis has been used to describe 
various patterns of renal parenchymal calcification. 


However, the term is most appropriate when multifocal 
renal parenchymal calcifications exist so that focal dys- 
trophic calcifications in solitary renal masses or local- 
ized parenchymal calcifications from remote renal 
inflammation are excluded. Nephrocalcinosis is easily 
identified on imaging studies. US and CT are more 
sensitive for the detection of small quantities of paren- 
chymal calcification than is standard radiography. 
Regardless of how it is detected, nephrocalcinosis 
should be classified to generate a reasonable differential 
diagnostic list. Nephrocalcinosis is a classic imaging 
finding, and the list of differential diagnosis should be 
readily available at hand. 

Nephrocalcinosis is divided into medullary and cor- 
tical subtypes based on the location of the parenchy-mal 
calcifications. It is very uncommon for cortical and 
medullary nephrocalcinosis to coexist in the same 
patient. 

In cortical nephrocalcinosis, the calcifications are 
limited to the peripheral 1 to 2 cm of renal parenchyma 
(Fig. 4-46). The calcification often appears as an eggshell 
around the periphery of the kidney. Because the cortex is 
also seen en face, some calcifications project over the 
medullary portion of the kidney. The cortical position of 
these calcifications is best demonstrated by looking at the 
segment of the kidney in profile, at its periphery. In most 
cases the kidneys are abnormally small when cortical 
nephrocalcinosis is present. 

In medullary nephrocalcinosis, the cortex is spared 
from the calcifying process; calcifications are limited to 
the renal pyramids, which are arrayed in a central, 
triangular orientation away from the calyces (Fig. 4-47). 
The base of these triangles is situated at the 
corticomedullary junction of the renal parenchyma. 
These calcified renal pyramids are separated by 
unaffected renal parenchyma representing columns of 
renal cortex. 

With cortical nephrocalcinosis, the entire cortex of 
both kidneys is usually diffusely involved. Calcifications 
are usually evenly dispersed, forming a shell-like lining. 
With medullary nephrocalcinosis, the pattern of 
calcification some-what depends on the underlying 
disease process. However, the calcifications are usually 
irregular and chunky in appearance. Calcifications may 
involve all pyramids, or there may be patchy, asymmetric 
involvement of the renal medulla. In addition, patients 
with cortical nephrocalcinosis usually have chronic renal 
insufficiency, and the kidneys are markedly atrophic. In a 
minority of patients with medullary nephrocalcinosis, the 
kidneys are also diminutive. In a smaller minority of these 
patients, there is smooth enlargement of the kidneys 
associated with the underlying disease process. 

Once the location and pattern of parenchymal calci- 
fication is established, an appropriate list of differential 
diagnoses can be considered. 


Medullary nephrocalcinosis is considerably more 
common than the cortical variety. The major causes of 
medullary nephrocalcinosis are listed in Box 4-10. Most 
cases are due to hypercalcemic states, renal tubular 
acidosis (RTA), and MSK. 
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Cortical nephrocalcinosis. Unenhanced axial (A) and coronal (B) computed tomography images show 
a thin, peripheral rim of calcification in the cortex of both kidneys. Note the sparing of the medullary portion of the 
kidneys. Renal failure and, ultimately, cortical nephrocalcinosis developed secondary to glomerulonephritis in this 


patient. 


Medullary nephrocalcinosis. Unenhanced axial 
(A)]and coronal (B) computed tomography images show uniform 
central calcification of the medullary pyramids sparing the periph- 
eral, cortical tissue of the kidneys in this patient with renal tubular 
acidosis. 


BOX 4-10 Causes of Medullary Nephrocalcinosis 


COMMON 

Medullary sponge kidney (MSK) 

Hyperparathyroidism (or other hypercalcemic states) 
Renal tubular acidosis 


UNCOMMON 


Papillary necrosis 
Tuberculosis 
Hyperoxaluria 

Chronic furosemide use 


Hypercalcemic states may be due to a number of 
underlying diseases, including hyperparathyroidism, 
sarcoidosis, vitamin D intoxication, milk-alkali syn- 
drome, neoplastic states, and a myriad of other dis- 
eases. Regardless of the underlying cause, hypercalcemia 
can lead to the deposition of metastatic calcifications 
in otherwise normal tissues. This metabolic imbalance 
can lead to medullary nephrocalcinosis. Because of 
hypercalciuria resulting from hypercalcemia, these 
patients also have higher incidence of urolithiasis, 
which may require them to undergo imaging studies. 
Severe long-standing hypercalcemia is also a well- 
known cause of irreversible renal insufficiency resulting 
from tubulointerstitial damage. Although hypercalce- 
mia is a laboratory diagnosis, the pattern of medullary 
nephrocalcinosis present in these patients usually sug- 
gests this as the underlying abnormality. Because this 
is a systemic disease, the calcification pattern is sym- 
metric and diffuse, involving all of the renal pyramids 
of both kidneys. In addition, because the nephrocalci- 
nosis is often associated with chronic medical renal 
disease, the kidneys are often smaller than normal, but 
smooth. Therefore a possible diagnosis in a patient with 
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diffuse, symmetric medullary nephrocalcinosis with 
small, smooth kidneys is chronic hypercalcemia. 

RTA has a number of subtypes. Medullary nephrocal- 
cinosis develops only in patients with type I or distal 
RTA. These patients generally also develop progressive 
renal insufficiency. As with other varieties of medullary 
nephrocalcinosis, urolithiasis is common. RTA is asso- 
ciated with abnormally low levels of citrate in the urine. 
Citrate is an inhibitor of urolithiasis, and this deficiency 
may explain the development of uroliths and medullary 
nephrocalcinosis in these patients. With RTA, the distal 
tubule is unable to secrete adequate amounts of hydro- 
gen ions. These patients have inadequately acidified 
urine, even when a substantial degree of metabolic aci- 
dosis is present. Hypercalciuria develops to compensate 
for the hydrogen cation-secretion deficiency. Presum- 
ably, medullary nephrocalcinosis is caused by chronic 
hypercaleiuria combined with citrate deficiency. In this 
disease the medullary calcifications are diffuse and 
symmetric (Fig. 4-48), involving all renal pyramids of 
both kidneys. In addition, the kidneys are normal in 
size and maintain a normal contour. Therefore patients 
with diffuse symmetric medullary nephrocalcinosis and 
normal-sized kidneys are most likely to have distal 
RTA. 

The most common cause of medullary nephrocalci- 
nosis is MSK. This disorder is thought to be congenital 
and it is often an incidental finding of little clinical 
significance. However, MSK is associated with a mark- 
edly increased risk of urolithiasis, and there may be a 
slightly increased risk of pyelonephritis because of 
urinary stasis in the ectatic tubules. MSK, also known 
as benign renal tubular ectasia, may involve a limited 
number of renal pyramids. Although it is possible for 
all pyramids to be affected, MSK more commonly spares 
some of the renal pyramids from visible tubular ectasia. 
In MSK patients, there is idiopathic ectasia of some of 
the distal collecting tubules in the renal medulla. The 
ectasia leads to urine stasis and precipitation of calcium 
and related minerals. When calcifications occur, they 
are usually rounded and multiple, arrayed radially, 
emanating from the renal papilla. Because these calci- 
fications are actually contained within the ectatic 
tubules, they are obscured by excreted contrast mate- 
rial after its administration. Their density blends imper- 
ceptibly with that of the surrounding contrast material 
filling the ectatic tubule, and therefore their size often 
appears to increase (Fig. 4-49). This Srowing calculus 
sign is classic and when it occurs with other typical 
abnormalities, it is diagnostic of MSK. In many cases 
the discrete ectatic tubules of MSK are visualized as 
linear or cystic opacifications on a contrast-enhanced 
study. They may be seen in the absence of medullary 
calcifications. Although this condition is undoubtedly a 
form of MSK, it is often described as benign renal 
tubular ectasia, which sounds less ominous and avoids 
labeling patients with a worrisome disease process. 
Most patients with MSK and benign tubular ectasia 
have normal-sized kidneys. In some patients idiopathic 
enlargement of both kidneys is associated with MSK. 
A small subgroup of MSK patients may also have associ- 
ated hemihypertrophy (see Fig. 4-31). With hemihyper- 
trophy, one side of the body, including the kidney, 
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Medullary nephrocalcinosis from distal renal tubular 
acidosis (type 1). Right (A) and left (B) longitudinal renal ultrasound 
images show increased echogenicity of the medullary pyramids, bilat- 
erally. Note the triangular configuration of these areas, corresponding 
to the individual pyramids. Larger echogenic structures in some 
pyramids cast acoustic shadows, consistent with discrete renal calculi 
(arrow in A and B). C, A standard radiograph coned to the kidneys 
confirms bilateral, central calcifications involving every renal 
pyramid. 


is enlarged. Hemihypertrophy is also associated with 
more serious conditions, including Wilms’ tumors, 
pheochromocytomas, and various congenital syn- 
dromes. There is also a connection between Caroli 
disease (congenital cystic intrahepatic biliary dilata- 
tion) of the liver and MSK, with a high incidence of MSK 
in patients diagnosed with Caroli disease. 
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Medullary sponge kidney (MSK): computed tomography (CT). A,/Unenhanced axial CT image shows 
a cluster of calcifications in the interpolar left kidney. B, Enhanced image at the same level confirms a papillary loca- 
tion of the stones. C, Excretory phase image at the same level, using bone windows, more clearly shows the filling of 
linear cavities in the papilla harboring the stones, confirming the presence of MSK. Note the apparent enlargement of 
the stones from A to C, as the dilated tubules fill with contrast material, the growing calculus sign. 


Analgesic nephropathy can cause medullary nephro- 
calcinosis. This is most often caused by chronic inges- 
tion of large doses of nonsteroidal anti-inflammatory 
drugs, such as phenacetin, aspirin, and acetaminophen. 
Diffuse papillary necrosis may be coexistent. Analgesic 
nephropathy appears to be more common outside the 
United States, with high rates in Australia and Europe. 
This geographic distribution may be due to the increased 
availability of combination analgesics in these areas. At 
any rate, analgesic nephropathy causes chronic renal 
insufficiency. At imaging analgesic nephropathy causes 


small kidneys, which are often irregularly scarred 
and occasionally smooth. In fact, medullary nephrocal- 
cinosis detected in combination with bilateral small, 
scarred kidneys strongly suggests analgesic nephropa- 
thy (Fig. 4-50). 

Rarely, other conditions are associated with medul- 
lary nephrocalcinosis. These include hyperoxaluria, 
either primary or acquired, renal tuberculosis, and 
chronic furosemide usage in newborn infants. Hyperox- 
aluria is due to disruption of the normal enterohepatic 
metabolic pathways. The primary form is rare, and 
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FIGURE 4-50 Medullary nephrocalcinosis due to analgesic nephropathy. A, An abdominal radiograph in this patient with chronic 


renal failure demonstrates multiple medullary calcifications with smooth atrophy of both kidneys. B, A retrograde pyelogram 
demonstrates|papillary necrosis which is often seen in association with analgesic nephropathy. 


more commonly, hyperoxaluria results from extensive 
disease or surgical resection of the distal small bowel. 
This causes increased urinary excretion of oxalates, 
leading to formation of calcium oxalate stones and med- 
ullary nephrocalcinosis. Rarely, hyperoxaluria can also 
lead to cortical nephrocalcinosis. Primary hyperoxal- 
uria is generally irreversible and leads to death at a 
young age. Secondary hyperoxaluria is caused by exten- 
sive disease of the distal small bowel or small bowel 
resection. Secondary hyperoxaluria may be treatable. 
Hyperoxaluria is one of the few causes of calcium uro- 
lithiasis and nephrocalcinosis in children. Another is 
administration of furosemide, usually as a treatment for 
cardiovascular diseases in premature infants. 

Finally, renal tuberculosis causes urinary tract calci- 
fications in approximately 10% of cases. This form of 
secondary (reactivation) tuberculosis almost always 
arises in one kidney, initially involving a single renal 
papilla. As the infection evolves, there is spread into 
the renal calyx with associated papillary necrosis. Infec- 
tion can then extend along the urothelium and lead to 
inflammation, and eventually to fibrosis. Hydronephro- 
sis and, eventually, autonephrectomy may develop. 
Parenchymal calcifications occur in a minority of 
patients with renal tuberculosis. These calcifications 
are usually focal and unilateral (Fig. 4-51), and they 
occur at sites of tuberculous pyelonephritis acutely, or 
as a result of fibrotic changes later in the disease course. 
This pattern of focal, unilateral calcification associated 
with cicatrization is less typical of other causes of med- 
ullary nephrocalcinosis. Focal unilateral renal atrophy 
or pelvocalyceal stricturing with adjacent medullary 
nephrocalcinosis is highly suggestive of renal tubercu- 
losis. However, in some patients with renal tuberculo- 
sis, medullary calcifications may be extensive and may 


BOX 4-11 Causes of Cortical Nephrocalcinosis 


COMMON 


Chronic glomerulonephritis 
Acute cortical necrosis 


UNCOMMON 
Hyperoxaluria 


RARE 


Alport syndrome 
Chronic renal transplant rejection 


mimic other forms of medullary nephrocalcinosis. Con- 
trast studies demonstrating inflammatory and fibrotic 
changes (see Fig. 4-51) can be used to exclude other 
causes of nephrocalcinosis and determine the underly- 
ing infectious etiology. 


Cortical Nephrocalcinosis 


Cortical nephrocalcinosis is an uncommon imaging 
finding. Box 4-11 lists the major causes of this pattern 
of renal parenchymal calcification. The most common 
cause of cortical nephrocalcinosis is chronic glomeru- 
lonephritis, in which chronic renal failure is associated 
with marked renal atrophy with smooth renal contours. 
Shell-like calcifications develop in the renal cortex in a 
small number of these patients and persist even after 
successful renal transplantation and normalization of 
renal function. These calcifications are likely to be dys- 
trophic and related to chronic renal cortical ischemia 
(see Fig. 4-46). 
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FIGURE 4-51 Medullary nephrocalcinosis due to renal tuberculosis. A, Scout view of the right kidney demonstrates 
medullary nephrocalcinosis localized to the lower portion of the right kidney. B, A urogram in this patient with a 
remote history of renal tuberculosis demonstrates stricturing of the renal pelvis (arrowheads) and of the calyx adja- 
cent to the parenchymal calcifications. 


The other major cause of cortical nephrocalcinosis 
is acute cortical necrosis. Among several possible eti- 
ologies, the most common is severe hypotension, which 
can occur as a complication of childbirth, sepsis, or 
severe hemorrhage. Acute cortical necrosis can also 
result from ingested nephrotoxins, such as ethylene 
glycol, a chemical commonly used in automobile anti- 
freeze. In such cases chronic renal failure is inevitable, 
and again, these cortical calcifications are dystrophic 
because of cortical necrosis. The radiographic pattern 
of calcification is identical to that seen with chronic 
glomerulonephritis. 

Other less common causes of cortical nephrocalci- 
nosis are hyperoxaluria, Alport syndrome, and chronic 
renal transplant rejection. Hyperoxaluria has been 
described earlier, and it is unique in that it may lead to 
the development of either medullary or cortical neph- 
rocalcinosis. Alport syndrome is a rare hereditary dis- 
order consisting of congenital nephritis and nerve 
deafness. Patients with this condition may develop cor- 
tical nephrocalcinosis associated with chronic renal 
failure. In addition, patients who have received renal 
transplants and suffer from chronic transplant rejection 
may develop cortical nephrocalcinosis. This occurs 
only in the transplant kidney and is due to cortical 
necrosis with secondary formation of dystrophic calci- 
fications in the necrotic areas (Fig. 4-52). 

Unlike medullary nephrocalcinosis, cortical nephro- 
calcinosis is quite uncommon, and imaging findings are 
usually not useful in distinguishing among the underly- 
ing causes. Fortunately, the patient’s medical history 
usually readily indicates the underlying disease process 
leading to cortical calcifications. 


BOX 4-12 Causes of Renal Failure 


Prerenal: Underperfusion 
Renal: Diffuse parenchymal disease 
Postrenal: 
Bladder outlet obstruction 
Bilateral ureteral obstruction 


== IMAGING OF RENAL FAILURE 


Renal failure is generally categorized into prerenal, 
renal, and postrenal causes (Box 4-12). Prerenal pro- 
cesses include underperfusion of the kidneys as a result 
of severe cardiac disease or extensive renal atheroscle- 
rosis or as a result of hemorrhage, sepsis, and dehydra- 
tion. Renal diseases causing renal failure include all 
of the chronic glomerulonephritides, which are often 
broadly categorized as medical renal disease, and 
parenchymal replacement processes, such as severe 
polycystic kidney disease, either autosomal dominant 
or recessive, and uncommon infiltrative disorders. 
Although these diseases are chronic, patients may 
present with previously undiagnosed renal insufficiency, 
and the chronicity of the finding will initially be uncer- 
tain. Postrenal causes of renal failure include processes 
that obstruct urine outflow, such as bilateral ureteral 
obstruction or bladder outlet obstruction. The aim of 
imaging is to identify any correctable cause to improve 
or preserve renal function. Initial imaging evaluation in 
patients with newly diagnosed renal failure should begin 
with US. With US, postrenal obstructive causes of renal 
failure can usually be distinguished from the other two 
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Cortical nephrocalcinosis in a chronically rejected 
renal transplant, A,]A scout radiograph obtained before a cystogram 
shows an amorphous calcification in the right iliac fossa. B, An unen- 
hanced axial computed tomography image through the anatomic 
pelvis, using bone windows, reveals that cortical nephrocalcinosis is 
the severely atrophic transplant kidney. 


categories. This distinction is important because uri- 
nary tract decompression can often reverse renal failure 
in this group of patients. Alternatively, prerenal and 
renal causes of renal failure are treated nonsurgically. 
US evaluation of patients with renal failure is usually 
straightforward. Because renal insufficiency caused by 
obstruction indicates long-standing blockage, hydrone- 
phrosis will be present. In the majority of patients with 
obstructive renal failure, hydronephrosis is bilateral. 
Occasionally, unilateral obstruction associated with 
severe contralateral renal disease of a different etiology, 
such as reflux nephropathy or renal artery stenosis, 
can account for renal insufficiency. Because one normal 
kidney is adequate for normal renal function, both 
kidneys must be diseased before a patient develops 
renal insufficiency. If bilateral hydronephrosis is 
present, then patients should be triaged to receive 
urinary tract decompression. Decompression may be 
successful with bladder catheterization alone in patients 


with bladder outlet obstruction. Alternatively, ureteral 
stenting or percutaneous nephrostomy may be required. 

Although varying degrees of parenchymal atrophy 
are often associated with long-standing ureteral obstruc- 
tion, the reversibility of renal insufficiency cannot be 
predicted accurately from the quantity of residual renal 
parenchyma demonstrated with imaging studies before 
urinary tract decompression. Once urinary decompres- 
sion is achieved, renal function gradually returns to a 
new baseline level, and the amount of functional renal 
mass can be assessed with a radionuclide renogram. 
Occasionally, kidneys that appear severely atrophied 
regain surprisingly high levels of renal function when 
decompressed. 

Renal US is also useful in identifying chronic medical 
renal disease. Patients with this disease have marked 
parenchymal atrophy with smooth reniform contour 
of the kidneys (see Fig. 4-10). These kidneys appear 
small and hyperechoic. In patients with ADPKD, innu- 
merable simple cysts replace the normal parenchyma. 
Patients with autosomal recessive polycystic kidney 
disease (ARPKD) also have bilateral reniform enlarge- 
ment. In addition, the innumerable cystically dilated 
tubules present in ARPKD increase the echogenicity of 
the renal parenchyma so that the echogenicity of the 
kidneys is equal to, or greater than, adjacent liver or 
spleen. Nephropathy caused by HIV infection also 
causes increased echogenicity of the kidneys, often 
with reniform renal enlargement (see Fig. 4-34). 

Finally, newer US techniques can be useful in iden- 
tifying some patients with prerenal disease-induced 
renal insufficiency. Underperfusion of the kidneys can 
be caused by bilateral renal artery stenosis, which may 
be identified by experienced sonographers using duplex 
US. Newer techniques, such as CTA and MRA, may also 
be useful in diagnosing renal artery stenosis. Although 
vascular US appears to be a useful screening test at 
some institutions for patients in whom renal artery 
stenosis is suspected, CT, MR, and catheter digital sub- 
traction angiography remain the standards for diagnosis 
and treatment planning in this disease. In patients with 
renal insufficiency, flow-sensitive MRA or angiography 
with carbon dioxide should be used to minimize neph- 
rotoxicity associated with conventional iodinated intra- 
vascular contrast media. Revascularization procedures, 
either interventional or surgical, can stabilize or even 
reverse renal failure in some patients with renal artery 
stenosis. 

In summary, patients with renal failure of undiag- 
nosed cause should be evaluated first with US. Bilateral 
renal disease with hydronephrosis suggests a potential 
remediable cause of renal failure, and urinary tract 
decompression should be undertaken. Patients with 
chronic medical renal disease usually have typical find- 
ings, including small atrophic kidneys indicative of 
long-standing parenchymal disease. Finally, duplex 
examination of the renal arteries may be useful in eval- 
uating patients for possibly remediable renal artery 
stenosis. 


Urinary tract injury occurs in 10% of trauma patients. 
The kidney is the area of the urinary tract that is most 
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TABLE 4-1 American Association for the Surgery of 
Trauma—Grading of Renal Injuries 


Grade Type of Injury Description 
I Contusion Microscopic or gross hematuria 
with normal urologic findings 
Hematoma Nonexpanding subcapsular 
hematoma with no laceration 
II Hematoma Nonexpanding perirenal 
hematoma confined to the 
retroperitoneum 
Laceration Superficial cortical laceration 
<1 cm in depth without 
collecting system injury 
Ill Laceration Renal lacerations >1 cm in 
depth without collecting 
system injury 
IV Laceration Renal laceration extending 
through the renal cortex, 
medulla, and collecting system 
Vascular Injuries involving the main 
injury renal artery or vein with 
contained hematoma, 
segmental infarctions without 
associated lacerations 
N Laceration Shattered kidney, ureteropelvic 
junction avulsion 
Vascular Complete laceration (avulsion) 
injury or thrombosis of the main 


renal artery or vein that 
devascularizes the kidney 


commonly injured and blunt trauma is the cause of 90% 
of traumatic renal injuries. Blunt injuries usually occur 
during motor vehicle accidents or sports-related inju- 
ries and can damage the kidney because of compression 
or shearing forces. Blunt injury can also lead to lacera- 
tion of the kidney from adjacent skeletal trauma. A 
minority of renal injuries are due to penetrating trauma. 
The other sites of urinary tract injury in order of 
descending frequency are the bladder, the urethra, and 
the ureters. Imaging evaluation of these areas of the 
urinary tract often accompanies renal evaluation. 
Various systems for classifying renal injuries have 
been used (Table 4-1). A practical imaging system clas- 
sifles traumatic renal injuries into five categories, 
namely, renal contusion, renal laceration, renal frac- 
ture, shattered kidney, and vascular pedicle injury. The 
choice of the initial imaging examination to evaluate 
the kidneys should be governed by knowledge of the 
mechanism of injury, condition of the patient, and 
the level of suspicion of underlying renal trauma. The 
kidneys should be evaluated in all blunt trauma patients 
who have either gross hematuria or microscopic hema- 
turia with clinical evidence of ongoing hemorrhage, 
such as hypotension. Although the absence of gross 
hematuria can be used to avoid unnecessary radiologic 
evaluation of the kidneys in blunt trauma patients, this 
is not true in patients with penetrating injuries involv- 
ing either kidney. With penetrating trauma to the 
kidneys, not only does the severity of hematuria fail to 
correlate with the severity of renal trauma, but also 
hematuria can be absent with major renal injury. Up to 
14% of patients with renal lacerations and renal vascu- 
lar injuries from penetrating trauma lack hematuria. 


Unstable patients are best treated with exploratory 
surgery focused on the area of injury. Contrast-infused 
CT is the most useful examination in definitively clas- 
sifying the type of renal injury, information that is 
helpful for guiding management decisions for trauma 
patients. CT will also elucidate additional sites of injury, 
present in 80% to 95% of patients with blunt or pene- 
trating renal trauma. Patients must be reasonably stable 
to undergo CT scanning. When CT is used to evaluate 
patients suspected of having renal injury, the kidneys 
should be scanned during multiple phases of contrast 
enhancement. Corticomedullary phase scanning, which 
corresponds to the portal venous phase of liver enhance- 
ment and occurs approximately 70 seconds after the 
initiation of contrast material injection, is performed to 
evaluate for vascular injury, active bleeding, and renal 
parenchymal injuries. Tubular, or nephrographic phase 
imaging, which occurs approximately 2 minutes after 
the start of contrast material injection, should be 
obtained for optimal evaluation of renal parenchymal 
integrity and to visualize areas of devascularization. 
Finally, if perinephric fluid is detected, delayed, excre- 
tory (pyelographic) phase imaging obtained approxi- 
mately 5 minutes later should be evaluated for urine 
extravasation indicating pyelocalyceal injury or ure- 
teropelvic junction (UPJ) avulsion. 

Overall, clinically significant renal injuries are 
uncommon. Of diagnosed renal injuries, 65% are clas- 
sified as contusion, and 30% are classified as laceration. 
Both of these types of injuries are generally treated 
conservatively, without surgery, in the stable patient. 
The remaining 5% of renal injuries comprise renal 
fractures, shattered kidneys, and vascular pedicle 
injuries. 

Renal contusion is a parenchymal bruise with inter- 
stitial edema and hemorrhage. On imaging studies, the 
affected kidney is generally enlarged because of swell- 
ing. With CT, a heterogeneous nephrogram is usually 
demonstrated in the contused kidney. Some degree of 
renal contusion commonly coexists with the other, 
more severe renal injuries, including renal laceration. 
With pure contusion, extravasation of urine or blood 
does not occur. Renal contusion is a self-limited abnor- 
mality (Fig. 4-53). 

Renal laceration refers to a rent in the renal paren- 
chyma, which often leads to formation of a perirenal 
hematoma. On imaging studies, the hallmark of renal 
laceration is a defect in the renal parenchyma. Deeper 
lacerations may extend into the renal collecting system 
with development of perinephric urinomas that may 
opacify with contrast material on delayed imaging. With 
CT, the actual renal parenchymal laceration is usually 
visualized (Fig. 4-54). Renal lacerations are usually 
treated nonsurgically if the trauma patient is hemody- 
namically stable. Occasionally, active arterial bleeding 
may be demonstrated on contrast-infused CT scans. 
This finding usually prompts urgent intervention, either 
renal arteriography with embolization or surgical 
exploration. 

A renal fracture is a severe form of renal laceration. 
In this situation the laceration extends completely 
through the full thickness of the renal parenchyma (Fig. 
4-55). This divides the kidney into two or three 
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FIGURE 4-53 Renal contusion [AJEnhanced axial computed tomog- 
raphy image at the level of the kidneys, obtained at the time of acute 
traumatic injury, shows a reasonably well-defined area of decreased 
attenuation in the interpolar right kidney (arrows). The appearance 
could be due to contusion or branch renal artery injury. B, An image 
obtained at the same level 1 week later shows normal perfusion of 
the involved region without any parenchymal changes. The self- 
limited nature of the findings is consistent with renal parenchymal 
contusion. 


separate segments. Fractures are more severe than 
limited lacerations, and patients with renal fractures 
tend to be hemodynamically unstable. The choice of 
treatment for these patients depends on clinical status, 
and in particular, the integrity of the renal vasculature. 
With imaging techniques, a renal fracture appears 
similar to a renal laceration, but with more numerous 
defects. Prominent areas of contrast extravasation and 
perirenal hemorrhage are present. In the stable patient, 
selective renal arteriography may be useful to evaluate 
the integrity of the renal vasculature, with the possibil- 
ity of embolizing small arteries that are actively bleed- 
ing. This may preclude the need for emergency surgery. 

The most severe form of renal laceration is the shat- 
tered kidney. In this situation the kidney is fractured 
into three or more separate segments. Patients with this 
severe type of injury are usually hemodynamically 
unstable, and the kidney damage is extensive and 


FIGURE 4-54 Renal laceration with subcapsular and perinephric 
hematoma. Enhanced axial and sagittal (B) reconstructed images 
obtained at the time of acute traumatic injury show a linear defect 
in the lower pole of the right kidney, consistent with a parenchymal 
laceration (arrow in A and B). The associated subcapsular hematoma 
and perinephric bleeding are better illustrated in B (arrowhead). The 
renal injury was managed conservatively in this otherwise stable 
patient. 


irreversible. Nephrectomy is generally indicated to 
prevent critical bleeding from the injured renal artery 
branches. The shattered kidney can be well evaluated 
with CT scanning (Fig. 4-56). As with other renal inju- 
ries, evaluating other abdominal organs in patients with 
shattered kidneys is crucial. The force to the retroperi- 
toneum that is necessary to shatter a kidney usually 
results in injuries to other abdominal organs. Particu- 
larly susceptible organs are the spleen, liver, and pan- 
creas because they are located in the same region. 
Excretory urography may be used for assessment 
of the urinary tract when CT is unavailable, or as a 
one-shot examination in the operating room. Although 
urographic sensitivity for detection and accurate char- 
acterization of renal injury is significantly less than that 
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Renal fracture. An enhanced axial computed tomog- 
raphy image through the kidneys shows a parenchymal injury in the 
right kidney that extends from the lateral margin through the renal 
hilum, centrally, creating separate anterior and posterior portions of 
the renal parenchyma. There is extensive perirenal bleeding. Note 
the subcutaneous emphysema in the right flank from thoracic injury. 
Ongoing hemodynamic instability necessitated nephrectomy in this 
case. 


of CT, it may provide a general impression of the integ- 
rity of the urinary tract and afford the opportunity to 
detect urinary extravasation. In these circumstances, a 
single abdominal film is obtained 10 to 15 minutes after 
the injection of contrast material. 

Avulsion of the UPJ, which is discussed further in 
Chapter 5, is an uncommon traumatic injury. It is diag- 
nosable with CT or intravenous urography. The diag- 
nostic features are normal renal enhancement and 
excretion of contrast material, extravasation of concen- 
trated contrast material near the UPJ, usually medial to 
the kidney, and absence of contrast material in the 
ipsilateral ureter. If UPJ laceration occurs without com- 
plete avulsion, then the imaging findings are similar 
except that some excreted contrast material is seen in 
the lower ureter. Treatment of a UPJ avulsion or lacera- 
tion usually requires surgery or passage of an internal 
stent to bridge the injured segment. 

Renal vascular pedicle injury can occur as a result 
of renal trauma. This injury is usually associated with 
deceleration-related blunt-type injuries that result in 
transection or dissection of the main renal artery or the 
renal vein. In addition, penetrating injuries can lacerate 
or transect the renal vessels. Patients with these inju- 
ries usually present with hypotension and evidence of 
massive hemorrhage. If the diagnosis is made rapidly, 
within 3 to 6 hours of the injury, surgical revasculariza- 
tion of the affected kidney may be attempted. Often the 
kidney is irreparably damaged, and revascularization is 
not an option. Nephrectomy is generally the required 
treatment for these patients. These patients are usually 
hemodynamically unstable. Any evidence of dimin- 
ished nephrogram in a trauma patient should raise the 
possibility of decreased blood flow to the kidney, pos- 
sibly the result of a renal vascular pedicle injury. With 


Shattered kidney. Enhanced axial computed tomog- 
raphy image through the mid right kidney Wana an image through 
the right lower renal pole (B) reveal numerous linear defects that 
have created a large number of parenchymal fragments, many sepa- 
rated by intervening hematoma, consistent with a shattered kidney. 
This degree of parenchymal injury often requires urgent nephrec- 
tomy to control blood loss, as was the case in this patient. 


CT scanning, extensive perirenal hemorrhage is often 
noted along the course of the renal artery. Other find- 
ings associated with renal pedicle injury are the delayed 
and diminished nephrogram, diminished opacification 
of the main renal artery (the arterial cutoff sign; Fig. 
4-57), and a rim nephrogram. The rim nephrogram 
results from persistent perfusion of the outermost rim 
of the renal cortex through the renal capsular artery. 
The capsular artery branches off very early from the 
renal artery and is rarely affected by renal artery tran- 
section. The result is greater opacification of the 
outer rim of the cortex than the remainder of the kidney 
because most of the kidney will be underperfused 
(see Fig. 4-29). 

Finally, renal angiography is useful in the diagnosis 
of renal vascular pedicle injury. Arteriography usually 
demonstrates active renal artery bleeding or renal 
artery occlusion resulting from transection and throm- 
bosis. Thrombosis of the transected renal artery should 
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FIGURE 4-57 Renal vascular pedicle injury with traumatic dissec- 
tion. An enhanced axial computed tomography image through the 
kidneys obtained after blunt traumatic injury shows absence of perfu- 
sion in the left kidney. The proximal left renal artery is opacified, but 
there is abrupt truncation of the contrast in the mid renal artery 
(arterial cutoff sign) due to traumatic dissection with luminal 
obstruction (arrow). Note the fluid surrounding the left renal artery 
and vein in the renal hilum. Subcutaneous emphysema is present in 
the anterior abdomen from thoracic injury. Although revasculariza- 
tion of this kidney was attempted due to the young age of this patient, 
it was not successful. 


not indicate that this injury has spontaneously reached 
a point of stability. Renal artery transection requires 
surgical repair. If left untreated, renal artery bleeding 
can recur and may result in severe hemorrhage. 
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== EMBRYOLOGY AND ANATOMY 


Although embryology of the urinary tract is complex 
and often baffling, its important features are actually 
rather simple. The ureteral bud arises from the meso- 
nephric duct early in gestation and forms the ureter, 
pelvicalyceal system, and renal collecting tubules. A 
physical association between the ureteral bud and the 
metanephric blastema, the primordium of renal paren- 
chyma, is necessary for development of the kidney and 
the calyces. Differentiation of the metanephric blas- 
tema into renal parenchyma is dependent on induction 
by the ureteral bud; so, too, is the ureteral bud branch- 
ing dependent on induction by the metanephric blas- 
tema. If all goes well, the pelvocalyceal system and the 
ureter develop into tubular conduits for urine with 
approximately 10 to 25 calyces for each kidney. The 
ureters are lined by transitional epithelium. The tran- 
sitional epithelium and the supporting connective 
tissue constitute the mucosa of the ureter. The mucosa 
is surrounded by the muscularis layer, which is made 
up of smooth muscle with both longitudinal and circu- 
lar fibers. The outermost lining of the normal ureter is 
the adventitia, which is composed of connective tissue. 


= COMPUTED TOMOGRAPHY UROGRAPHY 


Computed tomography urography (CTU) has replaced 
intravenous urography (IVU) and other radiographic 
studies of the urinary tract as the first-line and compre- 
hensive urinary tract evaluation imaging technique. 
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URETERAL TRAUMA 


CTU shows detailed images of the vasculature, kidney 
parenchyma, ureters, and pelvocalyceal system. The 
development of multidetector CT scanners made CTU 
possible due to reduced motion artifact, single breath- 
hold thin-collimation scan technique, and multiphase 
rapid imaging of the urinary tract. For the imaging 
evaluation of hematuria, CTU has replaced IVU, retro- 
grade pyelogram, sonography, standard renal CT, and 
arteriography with one comprehensive examination. 
CTU allows for optimal stone detection, optimal renal 
mass detection and characterization, and if tumors are 
found, diagnosis and staging can be accomplished with 
a single examination. In addition, modern CT tech- 
nique allows for evaluation of vascular anatomy of the 
kidneys, negating the need for a catheter arteriogram 
in almost all cases. In addition to evaluating for causes 
of hematuria, CTU is useful for the evaluation of the 
upper tracts for malignancy, screening for upper tract 
tumors in new bladder carcinoma patients, evaluation 
of congenital urinary tract anomalies, urinary tract 
obstruction, and for possible complications after urinary 
tract surgery or trauma. The three essential phases for 
CTU are the noncontrast, nephrogram, and excretory 
phases. The noncontrast CT is for stone detection and 
baseline mass attenuation measurements. The nephro- 
gram phase is for renal mass and urothelial evaluation 
and characterization. Finally, the excretory phase is 
obtained to detect urothelial thickening and intralumi- 
nal masses. To obtain these three imaging phases, one 
of two protocols is typically used. These are the 
three-scan CTUs and two-sean, split bolus CTUs. The 
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Typical images from a three-scan computed tomogra- 
phy urography. [A] Precontrast scan; B, nephrogram-phase scan; 
C, excretory-phase scan. Scans show a typical parapelvic cyst in the 
left kidney. 


three-scan CTU includes three separate CT scans of the 
abdomen and pelvis including the noncontrast phase, 
the nephrogram phase, and the excretory phase (Fig. 
5-1). The two-scan phase uses a noncontrast scan fol- 
lowed by two separate contrast material injections with 
a single scan combining the nephrogram and excretory 
phases (Fig. 5-2). These protocols are described in 
detail in Chapter 1. Using either of these protocols, it 
is essential that the kidneys are scanned during the 


Typical images from a two-scan computed tomography 
urography. A, Precontrast scan; B, scan during the second phase, 
which combines the nephrogram and excretory phases of contrast 
enhancement. 


nephrogram phase (80 to 120 seconds) to optimize the 
detection of small renal masses because many small 
renal masses will go undetected during the corticome- 
dullary phase (60 to 80 seconds), which is normally 
used for routine screening with abdominal CT scans 
(Fig. 5-3). In addition, recent studies and the author’s 
experience have shown that urothelial tumors avidly 
enhance and are readily detected during the nephro- 
gram phase (Figs. 5-4 and 5-5). The excretory phase is 
also highly sensitive for the detection of ureteral tumors, 
which will appear as filling defects or wall thickening 
in the opacified and distended collecting system or 
ureter. Ureteral distention is best achieved by the 
IV administration of furosemide a few minutes before 
imaging. Typically, 10 mg of furosemide is injected 
several minutes before the excretory-phase scans and 
this consistently improves distention and opacification 
of the ureters during CTU and is also useful in magnetic 
resonance urography (MRU). Furosemide should be 
avoided in patients with very low blood pressure, or 
with allergies to this drug. In this small subgroup of 
patients an alternative technique to distend the ureters 
is to inject 250 mL of normal saline intravenously in a 
bolus before the nephrogram phase of the CTU. To 
reduce patient’s exposure to radiation, low-dose tech- 
nique (reduced milliampere) can be used during the 
noncontrast phase because abnormalities detectable 
during this phase, usually stones, are high contrast and 
readily detectable even with low-dose technique. 
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Renal tumor detectable during the nephrogram phase. A, During the corticomedullary phase (60-second delay) 
the right kidney appears normal. B, Nephrogram-phase scan (120-second delay) shows a 1.5-cm mass (arrow) in the right 


kidney that was proven to be a renal cell carcinoma. 


Urothelial carcinoma demonstrated on a computed tomography urography. A, During the nephrogram phase, there is 
avid enhancement (arrow) of the right ureter, typical of a urothelial carcinoma. B, During the excretory phase, the tumor (arrow) 


is seen as a filling defect in the contrast-filled ureter. 


For the detection of upper tract urothelial cancers, 
CTU is better suited than IVU and it is comparable, or 
even better in most cases, to retrograde urography. 
Because it is part of a comprehensive examination 
including evaluation of the bladder and kidneys, it has 
advantages over retrograde urography. The sensitivity 
for causes of hematuria with CTU is 92% to 100%. Speci- 
ficity is limited because small masses are often not 
cancers. However, the sensitivity for detection of causes 
of hematuria is excellent for CTU. It is the best imaging 
test currently available for evaluation of hematuria and 
for evaluation of many other urinary tract disorders. 


The renal sinus is surrounded laterally by the renal 
parenchyma and communicates medially with the peri- 
nephric space. The normal constituents of the renal 
sinus are the intrarenal collecting system, renal blood 
vessels, lymphatics, and nerve fibers, as well as fat and 
varying quantities of fibrous tissue. Besides lesions con- 
tained within the intrarenal collecting system, such as 
stones, and lesions arising from the collecting system, 
such as urothelial tumors, significant disease of the 
renal sinus is unusual. Most abnormalities of the renal 
sinus are asymptomatic and are of interest primarily 
so they will not be confused with more serious 


BOX 5-1 Renal Sinus Fat Proliferation 


Renal sinus lipomatosis: increased fat with little mass effect 
Replacement lipomatosis: renal atrophy, massive fat 


abnormalities. Lesions of the intrarenal collecting 
system are discussed later in this chapter. 


Fat is the largest single constituent of the renal sinus 
and it is readily visible with ultrasound (US), CT, and 
magnetic resonance imaging (MRI). Normally, the 
quantity of fat in the renal sinus gradually increases 
with age. Very little, if any, renal sinus fat is present at 
birth, whereas approximately 20% of total renal volume 
is due to renal sinus fat in the adult. With aging, fat 
proliferates in the renal sinus to compensate for atrophy 
of the renal parenchyma. Fatty proliferation that leads 
to mass effect on the intrarenal collecting system is 
usually referred to as renal sinus lipomatosis (Box 
5-1). This mass effect manifests radiographically as 
thinning and stretching of the infundibula resulting in 
a spidery appearance of the collecting system. Mass 
effect from renal sinus lipomatosis rarely leads to symp- 
toms because calyceal obstruction does not result from 
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FIGURE 5-5 Urothelial carcinoma demonstrated on a computed tomography urography.[A,]During the nephrogram 
phase, there is avid enhancement (arrow) of the left ureter, typical of a urothelial carcinoma. The ureter is redundant 
resulting in overlapping with normal ureter just anterior to the tumor. B, During the excretory phase, the tumor is 
seen as circumferential wall thickening (arrow). C, Retrograde pyelogram shows irregular narrowing (arrow) in this 


area corresponding to the infiltrating carcinoma. 


simple sinus lipomatosis. While renal sinus lipomatosis 
is commonly seen in elderly individuals due to renal 
parenchymal atrophy, fatty proliferation can also be 
accelerated in patients with increased exogenous or 
endogenous steroids. In these patients, the volume of 
atrophied renal parenchyma is replaced with a similar 
volume of renal sinus fat. In the extreme, replacement 
lipomatosis occurs (see Box 5-1). This term describes 
massive renal sinus lipomatosis in association with 


severe parenchymal atrophy (Fig. 5-6), usually the 
result of severe renal infection or vascular ischemia. 
Radiographically, replacement lipomatosis appears as a 
massive overgrowth of the renal sinus in association 
with marked thinning of the renal parenchyma. The 
proliferation of renal sinus fat, which is dispersed 
throughout the renal sinus, leads to attenuation and 
stretching of the collecting system without a dominant 
focal area of mass effect. This appearance is typical of 
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Replacement lipomatosis. Contrast-enhanced com- 
puted tomography shows a combination of renal atrophy with exuber- 
ant fat proliferation in the renal sinuses. This patient has chronic 
renal infections that cause the kidney atrophy and the unusual 
massive fatty replacement that effaces the calyces. 


BOX 5-2 Renal Sinus Cysts 


Peripelvic: multiple, small, and insinuating 
Parapelvic: typical simple renal cyst 
Uriniferous: urine extravasation 


replacement lipomatosis or extensive renal sinus lipo- 
matosis and should not be confused with focal fat- 
containing neoplasms arising in the renal sinus. 


Renal sinus cysts are common (1 5-2). True renal 
sinus cysts, also known as peripelvic cysts, are usually 
small and multiple, and they grow to insinuate them- 
selves throughout the renal sinus in a distribution 
similar to that seen with renal sinus lipomatosis 
Fig. 5-7). These fluid-containing cysts are thought 
to be congenital, lymphatic in origin, and usually 
asymptomatic. Occasionally, these cysts can lead to 
focal hydronephrosis, which necessitates cyst drainage 
and sclerosis. With US, these water-containing struc- 
tures may mimic hydronephrosis (Fig. 5-8) because 
they often grow in parallel to the normal calyces 
and renal pelvis. With urography or excretory-phase 
CT, the extraluminal position of these cysts is readily 
apparent (Fig. 5-8), which cannot be mistaken for 
hydronephrosis. 

Parapelvic cysts are simple renal cysts arising in 
the medial renal parenchyma that protrude into the 
renal sinus. Despite their similar location in the renal 
pelvis, their origin appears to be different from that of 
peripelvic cysts. Parapelvic cysts, like other simple 
cysts of the renal parenchyma, are usually discrete, 
spherical, water-density masses (H 5-1 and 5-9), 
They are usually solitary or few in number, unlike 
peripelvic cysts. Diagnostically, parapelvic cysts should 
meet all the radiologic criteria for simple cysts else- 
where in the kidney. Unfortunately, because of their 
central location, it is often difficult to demonstrate 
the complete absence of internal echoes with US. 


Renal sinus cysts. This contrast-infused computed 
tomography scan demonstrates multiple peripelvic cysts infiltrating 
the renal sinus bilaterally. The calyces are stretched, and attenuated, 
but not obstructed by these cysts. In addition, there is extensive 
retroperitoneal lymphadenopathy in this patient with lymphoma. 


Renal sinus cysts.| A,] Longitudinal sonogram of the 
right kidney in this patient demonstrates normal renal parenchyma. 
Several cystic areas are seen in the lower pole of the kidney (arrows), 
and other cystic areas were seen elsewhere in the renal sinus. The 
sonographic appearance was suggestive of hydronephrosis. B, A 
urogram in the same patient demonstrates stretched and attenuated 
calyces bilaterally with an appearance described as a spidery collect- 
ing system. No hydronephrosis is present. Taken in conjunction with 
the sonogram these studies are diagnostic of peripelvic cysts. 
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FIGURE 5-9 Parapelvie cysts. A, A cone-down view of the right kidney from a urogram demonstrates splaying of 
calyces and compression of the renal pelvis suggestive of a mass. B, A longitudinal sonogram of the right kidney in 
this patient confirms a simple cyst protruding into the renal sinus. This is the typical appearance of a parapelvic cyst. 


Occasionally, CT or MRI may be necessary to confirm 
the benign nature of these lesions and to exclude a 
parenchymal neoplasm. 

Less commonly, a urinoma may arise in the renal 
sinus. Urinomas are usually associated with ureteral 
obstruction secondary to stone disease with resulting 
collecting system rupture. Occasionally, renal sinus uri- 
nomas may result from trauma causing collecting 
system laceration. Extravasated urine usually diffuses 
throughout the renal sinus and into the perinephric 
space without causing a dominant uriniferous cyst. 
Occasionally a focal urinoma can develop, but sponta- 
neous resolution usually occurs with adequate decom- 
pression of the urinary tract, and additional treatment 
is rarely required. 


Renal Sinus Masses 


Vasculopathic processes that involve the renal sinus 
include renal artery aneurysms and arteriovenous mal- 
formations. These lesions often arise in or protrude into 
the renal sinus, leading to mass effect. They are readily 
identifiable with CT, MRI, US, and conventional angiog- 
raphy. Endovascular treatment can be performed with 
catheter-introduced embolic materials to occlude aneu- 
rysms or vascular malformations. 

Most neoplasms involving the renal sinus do so by 
secondary invasion (Box 5-3) because primary neo- 
plasms of the renal sinus are rare. Renal parenchyma 
neoplasms such as renal cell carcinoma commonly 
extend into the renal sinus and lead to focal hydrone- 


BOX 5-3 Renal Sinus Neoplasms 


Renal parenchymal neoplasms: 
Adenocarcinoma, AML, MLCN 
Primary renal sinus neoplasms: 
AML 
Teratoma 
Lipoma/liposarcoma 
Fibroma/fbrosarcoma 
Neuroma/neurosarcoma 
Leiomyoma/leiomyosarcoma 
Malignant fibrous histiocytoma 


AML, Angiomyolipoma; MLCN, multilocular cystic nephroma. 


phrosis or calyceal displacement. These lesions can be 
readily diagnosed with cross-sectional imaging, and 
their true site of origin is usually not in doubt. One 
tumor of particular interest is the cystic nephroma, also 
referred to as a multilocular cystic nephroma (MLCN). 
This tumor has a bimodal peak of incidence, occurring 
predominately in young male children and middle-aged 
women. This cystic lesion has numerous thick septa 
and it arises from the renal parenchyma. MLCN has 
a predilection to protrude and, in fact, to herniate 
into the renal sinus. This feature is characteristic of 
MLCN, although not truly diagnostic because the more 
common renal cell carcinoma occasionally mimics this 
appearance. 

Renal sinus lymphoma is one of the more common 
renal manifestations of lymphoma. It usually spreads 
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Renal sinus lymphoma. A contrast-infused computed 
tomography scan in this patient with known non-Hodgkin lymphoma 
demonstrates a retroperitoneal mass arising adjacent to the aorta and 
spreading into the right perinephric space. The mass has insinuated 
itself into the renal sinus and has replaced or obliterated normal renal 
sinus components. This pattern is very suggestive of lymphoma. 


directly and contiguously from retroperitoneal lymph 
nodes. This solid neoplastic tissue infiltrates and 
replaces the normal constituents of the renal sinus (Fig. 
5-10), often with contiguous spread into the perineph- 
ric space. This situation is most common in patients 
with advanced non-Hodgkin lymphoma. Rarely lym- 
phoma can primarily involve the ureter. This typically 
appears as marked concentric thickening of the ure- 
teral wall. Even though the thickening can appear dra- 
matic, obstruction is generally absent or minimal (Fig. 
5-11), in contrast to urothelial carcinomas that usually 
obstruct the ureter with a comparable degree of growth. 

Finally, neoplasms arising primarily in the renal 
sinus are rare but include benign tumors such as angio- 
myolipoma, hemangioepithelioma, and teratoma, as 
well as tumors, both benign and malignant, arising 
from mesenchymal tissue. These mesenchymal tumors 
may originate from smooth muscle, fat, fibrous tissue, 
or nerve fiber. Radiographically, the characteristics 
of these tumors are often nonspecific. Mesenchymal 
tumors arising in the renal sinus appear identical to 
those arising elsewhere. 


Normally, 8 to 15 minor calyces subtend each kidney. 
A single, or simple, calyx is a concave structure applied 
to the papilla of the renal medulla. When seen en face, 
a simple calyx appears circular. When viewed in profile, 
the simple calyx is concave and has two well-defined, 
sharp forniceal angles. Single or multiple simple calyces 
are drained by an infundibulum, also known as a major 
calyx. The major calyces empty into the renal pelvis. 
Frequently, multiple single calyces fail to divide com- 
pletely and form a larger compound calyx. This normal 
variant is most commonly seen in the upper and lower 
poles of the kidney. The shape of the compound calyces 
becomes distorted, and the circular shape of the simple 
calyx is often lost. Familiarity with the typical 


íl 


Ureteral lymphoma. There is soft-tissue mass infiltrat- 
ing the upper right ureter in this patient with non-Hodgkin lym- 
phoma. This was proven to be lymphoma of the ureter. [A,] Axial 
computed tomography shows the mass extending along the renal 
pelvis and ureter. Retroperitoneal lymphadenopathy is present. 
B, Coronal view shows the lymphoma encasing the upper ureter and 
extending around the lower pole of the kidney, but with only minimal 
hydronephrosis. 


appearance of a compound calyx will prevent confusing 
it with changes resulting from obstruction or scarring. 
Compound calyces do have an association with the 
development of adjacent parenchymal scarring caused 
by urinary reflux. 

The renal pelvis is generally triangular, and it tapers 
smoothly to a mildly narrowed junction with the ureter. 
The ureteropelvic junction (UPJ) is an ill-defined area 
where the renal pelvis joins the ureter (Fig. 5-12). The 
ureter is also somewhat narrowed where it crosses the 
iliac vessels (see Fig. 5-12) and enters the anatomic 
pelvis, and at the ureterovesical junction (UVJ) where 
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FIGURE 5-12 Physiologic areas of ureteral narrowing. Image from 
a normal computed tomography urography shows common areas of 
ureteral narrowing at the ureteropelvic junctions (upper arrows) and 
where the ureters cross the iliac vessels (lower arrows) to enter the 
pelvis. The ureters also are mildly narrowed at the ureterovesical 
junctions. These narrowings are normal. 


the ureter tunnels through the bladder wall to empty 
into its lumen. The ureter is a dynamic organ and fre- 
quent constrictions result in transient areas of narrow- 
ing within the ureter as urine is transmitted toward the 
bladder. A focal dilatation of the ureter just above the 
iliac vessel crossover point is frequently seen. This dila- 
tation has been described as the ureteral spindle. This 
normal phenomenon again reflects a peristaltic wave 
that stalls transiently as it crosses the iliac vessels. 
The ureter normally extends along the ventral surface 
of the psoas muscle. It lies just anterior to the trans- 
verse processes of the lumbar spine. In the lower 
abdomen it crosses behind and medial to the gonadal 
vein. There often is a focal segment coursing horizon- 
tally, usually at the L3 level, as the ureter crosses over 
the lateral psoas edge. The ureter should not be more 
than 1 cm lateral to the tip of the nearest transverse 
process. The ureter should not course medially to the 
ipsilateral vertebral pedicle. Sometimes the ureter does 
course just anteriorly to the pedicle and this is usually 
a normal variant. This is particularly common as the 
ureter nears the lower lumbar spine. Nearly 20% of 
urograms will demonstrate the ureter medial to a lower 
lumbar or upper sacral pedicle. This is particularly 
common on the right, is usually unilateral, and occurs 
mostly in patients between 20 and 40 years of age. 
However, if this course is associated with any other 
signs of abnormality, it must be investigated further. In 
addition, 5 cm or more should separate the abdominal 


»-|5 Ectopic ureterocele. A large ectopic ureterocele 
(arrow) protrudes into the right side of the bladder and is obstructing 
the ureter draining the upper moiety of the right kidney in this 
patient with a complete duplication of the right collecting system and 
ureter. 


ureters. Ureters in closer proximity (i.e., <5-cm gap) 
suggest medial deviation of one or both ureters. When 
the ureters enter the pelvis, they follow a slightly medial 
course as they cross the common iliac vessels. In the 
pelvis, the ureters course laterally to parallel the inner 
margin of the bony pelvis. Finally, the ureters enter the 
posterior lateral surface of the bladder. 


Congenital Anomalies 


Congenital variants of the pelvocalyceal system and the 
ureter are common. Duplication anomalies are repre- 
sented by a spectrum of findings. Mild anomalies include 
bifid renal pelvis and incomplete ureteral duplications. 
These anomalies, which are seen in up to 4% of the 
general population, develop when two or more ureteral 
buds form from the mesonephric duct. Incomplete ure- 
teral duplication usually represents a clinically unim- 
portant finding but, on occasion, yo-yo reflux can occur. 
Urine descending down one ureter refluxes up the 
second ureter during its relaxation phase of peristalsis. 
The yo-yo reflux can cause urinary infections and flank 
pain. 

Complete ureteral duplications, two separate full- 
length ureters draining a single kidney, are substantially 
less common than incomplete duplications. However, 
the clinical significance of complete duplication anoma- 
lies is considerably greater than that of incomplete 
duplications. According to the Weigert-Meyer rule, the 
upper pole of the kidney drains through the ectopic 
ureter that inserts inferiorly and medially to the normal 
ureteral insertion point on the bladder, or it may have 
an extravesical insertion. This ectopic ureter often 
obstructs (Figs. 5-13 and 5-14). The ureter draining the 
lower pole is usually normal in appearance and physiol- 
ogy but does have a higher incidence of vesicoureteral 
reflux (Fig. 5-15). 
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FIGURE 5-14 Complete ureteral duplication with an obstructing ectopic ureterocele.[A]] Computed tomography 
through the upper pole of the kidneys shows a cystic area (arrow) that is the obstructed left upper moiety of a dupli- 
cated system. B and C, Coronal and sagittal images show the very dilated upper pole left ureter with a ureterocele in 
the submucosal bladder wall. 


In complete ureteral duplications, the ectopic ureter 
is associated with ureteroceles at the UVJ in one third 
of patients and result in obstruction of the ureter. It has 
been hypothesized that ureteroceles form as a result of 
a failure of the normal epithelial membrane to recana- 
lize between the bladder and the ureter (Chwalla mem- 
brane). The ectopic ureterocele represents marked 
submucosal dilatation of the intramural ureter at the 
UVJ. The ureterocele is a dilated, spherical, urine-filled 
extension of the ureter protruding into the bladder 
lumen (see Figs. 5-13 and 5-14). 

The ureterocele may cause distortion and obstruc- 
tion of the other ipsilateral ureteral orifice. In addition, 
large ureteroceles may prolapse and obstruct the ure- 
thral orifice, leading to bladder outlet obstruction and 


bilateral ureteral dilatation. The obstructed pelvocaly- 
ceal system can push the lower pole calyces downward 
causing the drooping lily appearance of the unob- 
structed lower pole collecting system (see Fig. 5-15). 
Ectopic ureteroceles are seen predominantly in the 
female population; the female-to-male ratio is 4:1. 
Ectopic ureteroceles are rare in African Americans. 
Instead of an inferomedial bladder insertion, the 
ectopic ureter may have an extravesical insertion of its 
caudal end. In female patients, the ectopic ureter often 
inserts into the bladder neck, the urethra, or directly 
into the vagina (Fig. 5-16). Because these areas are 
chronically exposed to infection, fibrosis and stenosis 
often develop in the lower ureter and lead to hydro- 
nephrosis of the upper moiety. On the contrary, 
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Refluxing lower moiety in a duplicated system. A 
cystogram in this patient with chronic pyelonephritis demonstrates 
reflux into a left ureter with a drooping lily appearance due to down- 
ward deviation from the obstructed upper pole. The upper calyces 
are not visualized and drain through a separate ureter, typical of a 
complete duplication. 


extravesical insertion of the ureter in female patients is 
frequently associated with chronic incontinence. Clas- 
sically, extravesical ureter insertion in a female causes 
the triad of continuous urine leakage, abnormal voiding, 
and some degree of functional renal impairment. In 
male patients, the ureter never inserts inferiorly to the 
external sphincter, so it is protected from infection, and 
incontinence is rarely a symptom. 

Another form of ureterocele is the orthotopic type. 
This is also known as a simple or adult-type ureterocele. 
Although thought to be a congenital anomaly, this 
asymptomatic ureterocele is usually only identified as 
an incidental, asymptomatic finding in adult patients. 
An orthotopic ureterocele is a cystic dilatation and 
invagination of the intramural segment of the ureter 
where it joins the bladder. The cause of orthotopic 
ureteroceles is unknown but it may be related to partial 
persistence of Chwalla membrane, an embryologic 
vestige. As ureteroceles grow, they are more commonly 
associated with complications. Ureteroceles larger than 
2 cm in the greatest diameter are more likely to be 
associated with ureteral obstruction, and stone forma- 
tion within the ureterocele. Radiographically, ortho- 
topic ureteroceles have a bulbous appearance as they 
prolapse into the bladder lumen. Typically, this is 
described as a cobra-head or spring-onion appearance 
(Figs. 5-17 and 5-18). It is easy to think of this anomaly 
as similar to a prolapsing hemorrhoid seen in the colon. 
A thin membrane representing the wall of the ureter 


Extravesical insertion of an 
Aj] Excretory-phase computed tomography shows the dilated left 
ureter (arrow) inserting below the bladder in this woman with 
recurrent urinary tract infections. B, Retrograde pyelogram shows 
that the dilated ureter inserts directly into the urethra. 


ectopic ureter. 


and bladder mucosa surrounds the focally dilated 
lumen. 

Radiographically, it is important to distinguish 
orthotopic ureteroceles from pseudoureteroceles. Pseu- 
doureteroceles suggest underlying pathology such as 
infiltrating transitional cell carcinoma, or ureteral 
stone impaction. With an orthotopic ureterocele, the 
radiolucent line surrounding the ureterocele will be no 
thicker than 2 mm and will be uniform throughout. 
Irregularity or focal thickening of this radiolucent 
margin (Fig. 5-19) suggests pathology and is indicative 
of a pseudoureterocele. 

When evaluating congenital anomalies of the urinary 
tract, such as duplications, it is important to remember 
that up to one third of patients have a second coexisting 
significant congenital abnormality of the urinary tract. 
Duplication anomalies are frequently associated with 
strictures of the UPJ, in addition to the previously 
described ureteroceles, and refluxing UVJs. 
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Large, simple ureterocele containing a stone. A, A view of the pelvis demonstrates a large oval calci- 
fication near the midline in this patient with chronic right flank pain. B, An intravenous urogram demonstrates 
bilateral simple ureteroceles. The large stone exists within the right simple ureterocele. Stones can form in ureteroceles 


as a result of chronic stasis of urine. 


Simple ureteroceles on computed tomography (CT). 
Contrast-enhanced CT shows bulbous lower ureters with thin walls 
(arrows) protruding into the bladder lumen, typical of orthotopic, or 
simple, ureteroceles. 


Although duplication anomalies of some degree are 
seen commonly in everyday practice, other supernu- 
merary anomalies of the ureter and _ pelvocalyceal 
system are distinctly uncommon. Triplication, tetrafi- 
cation, and pentafication anomalies have all been 
described. Because of the rarity of these anomalies, 
little is known about their association with reflux, ure- 
teroceles, and other urinary tract abnormalities. It is 
known that the Weigert-Meyer rule is violated in at least 


Pseudoureterocele due to an impacted ureteral stone. 
This oblique view of the pelvis from an intravenous urogram demon- 
strates a thick lucent rind (arrowheads) surrounding the right ure- 
terovesical junction (UVJ). A small stone was impacted at the UVJ 
causing edema and the appearance of a pseudoureterocele. 


half the cases of triplication and greater supernumerary 
anomalies. 

Another uncommon form of ureteral duplication 
occurs when incomplete development results in a con- 
genital ureteral diverticulum. This most likely develops 


The Renal Sinus, Pelvocalyceal System, and Ureter 157 


FIGURE 5-20 Ureteral diverticulum. Computed tomography urog- 
raphy shows a blind-ending segment of the ureter (arrow) arising 
from the lower right ureter, a congenital anomaly attributed to inter- 
rupted development of a duplicated ureteral bud. 


from a duplicated ureteric bud when one moiety fails 
to connect with the metanephric blastema, and as a 
result, a blind-ending segment of the ureter is con- 
nected to the otherwise normal ureter. Radiographi- 
cally, the blind-ending ureter appears either saccular or 
cylindrical and it usually communicates with the 
normal ureter (Fig. 5-20). Although this anomaly is of 
little clinical significance, the ureteral diverticulum can 
form a reservoir for relatively static urine, thereby 
increasing the risk of infection and stone disease. 
Congenital abnormalities of the ureter, which typi- 
cally result in hydronephrosis or ureteral dilatation, 
include congenital strictures, retrocaval ureter, primary 
megaureter, prune-belly syndrome, and vesicoureteral 
reflux. When hydroureteronephrosis is detected, atten- 
tion should be directed to identify the cause of dilata- 
tion. A search should be made to define the transition 
point from dilated ureter to normal ureter. Congenital 
strictures of the ureter are the most common congenital 
anomalies of the ureter. These fibrotic strictures may 
develop at any site along the course of the ureter (Fig. 
5-21), but the vast majority develops near the UPJ and 
at the UVJ. In fact, UPJ obstruction is the most common 
cause of fetal hydronephrosis. The etiology of these 
strictures is unclear. However, it has been postulated 
that in utero ureteral ischemia leads to the formation 
of a focal stricture. The degree of hydroureteronephro- 
sis varies, as does the clinical significance of these stric- 
tures. The most extreme form of UPJ stricture results 
in a nonfunctioning, hydronephrotic form of multicys- 
tic dysplastic kidney. Milder forms of UPJ stricture 
often go unnoticed until adulthood. Typical symptoms 


FIGURE 5-21 Congenital ureteropelvic junction (UPJ) stricture. 
Coronal computed tomography image shows marked pelvocaliectasis 
with a normal-caliber ureter without a mass or stone. These findings 
are typical of congenital UPJ strictures. These often go unnoticed 
until adulthood and are found after subclinical infection and worsen- 
ing stricture or due to increased urine production. 


of a UPJ stricture are flank pain, hematuria, infection, 
or stone disease. The delayed presentation of UPJ stric- 
ture in an adult is common. This is thought to be due 
to gradual worsening of UPJ scarring due to intermittent 
subclinical inflammation or due to increased urine 
production with growth. Anomalous accessory renal 
arteries crossing and compressing the UPJ cause 
approximately 5% of UPJ strictures. The diagnosis of 
UPJ stricture caused by a crossing artery is of clinical 
significance because surgeons generally select open 
pyeloplasty repair over percutaneous endopyelotomy in 
these situations. An anomalous vessel can be confirmed 
with CT (Fig. 5-22). The diagnosis of nephrolithiasis 
associated with a UPJ stricture is also clinically signifi- 
cant. The combination of these two abnormalities 
encourages clinicians to choose percutaneous nephro- 
lithotomy and endopyelotomy for treatment. In these 
cases, renal calculi can be removed and endopyelotomy 
can be performed percutaneously during the same 
procedure. 

The frequency of multiple coexistent urinary tract 
anomalies is again an important concept when a UPJ 
stricture is detected. Up to 25% of patients with con- 
genital UPJ obstruction will have a contralateral con- 
genital urinary tract anomaly. Frequently associated 
anomalies include contralateral multicystic dysplastic 
kidney and contralateral UPJ obstruction. Detection of 
these contralateral anomalies may be greatly significant 
and may affect treatment. For example, detection of a 
multicystic dysplastic kidney opposite to a UPJ stric- 
ture may lead to more aggressive treatment of the UPJ 
stricture. 
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BOX 5-4 Retrocaval Ureter: Urography Findings 


RIGHT URETER 

Abrupt medial deviation 

Courses behind the IVC medial to pedicle 
Fishhook shape 

Hydronephrosis 


IVC, Inferior vena cava. 


Other abnormalities of the ureter can be classified 
into several groups according to radiologic pattern. 
These are abnormalities of ureteral course or caliber, 
and filling defects. Similar abnormalities can be seen in 
the renal pelvis and calyces. 


The ureter may be deviated medially or laterally, 
and deviation can occur along its entire course or seg- 
mentally. Abnormalities of ureteral course are rarely 
due to primary ureteral disease but usually result from 
abnormalities extrinsic to the ureter. In most cases 
a definitive diagnosis of the underlying pathology 
cannot be made without cross-sectional imaging tech- 
niques. When ureteral deviation is visualized by 
retrograde pyelography, CT or MR scanning is usually 
indicated to further evaluate the adjacent retroperito- 
neal structures. 


Some patterns of ureteral deviation are characteristic 
and indicative of a single diagnosis, and therefore negate 


Ureteropelvic junction (UPJ) stricture due to anoma- 
lous crossing artery. A, Intravenous urography shows severe right 
pelvocaliectasis, typical of UPJ stricture. B, Computed tomography 
arteriogram shows an accessory lower pole renal artery (arrow), just 
below an accessory vein, that crossed at the UPJ and was the likely 
cause of the stricture. Crossing vessels cause 5% of UPJ strictures. 


the need for further evaluation. For example, abrupt 
medial deviation of the upper segment of the right 
ureter with a course resembling a fishhook, with the 
medial portion located medial to the adjacent verte- 
bral pedicle, is diagnostic of a retrocaval ureter (Fig. 
5-23 and Box 5-4). This is readily detectable with CTU 
or MRU if the course of the ureter is carefully traced. 

In another typical pattern, both ureters are medially 
deviated in their midsegments, usually at the L3 to L5 
level, with associated hydronephrosis and ureteral nar- 
rowing (Figs. 5-24 and 5-25). This pattern is typical of 
retroperitoneal fibrosis. Unfortunately, medial devia- 
tion of the ureter occurs in only approximately one half 
of retroperitoneal fibrosis cases, and it alone is not 
diagnostic of this disease. In addition, retroperitoneal 
fibrosis can involve one ureter and spare the contralat- 
eral ureter. Cross-sectional imaging is often helpful 
to confirm the abnormality or guide biopsy in these 
patients. 


Symmetric medial deviation of the pelvic ureters asso- 
ciated with fat proliferation in the pelvis is typical of 
pelvic lipomatosis (Fig. 5-26), which is an idiopathic 
process in most cases. It is more commonly seen in 
young, African-American men, and it can lead to bilat- 
eral hydroureteronephrosis. It usually causes extrinsic 
compression of the bladder resulting in the character- 
istic pear- or tear-shaped bladder (Fig. 5-27). Often, the 
rectum is also involved, and concentric narrowing and 
straightening of the rectosigmoid colon may occur. 
These patients often have difficulties with voiding and 
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FIGURE 5-23 Retrocaval ureter] A, An intravenous urogram demonstrates the typical appearance of a retrocaval, or 
circumcaval, ureter with abrupt medial deviation of the right ureter. The ureter takes on an appearance analogous to 
a fishhook. The medial portion of the ureter (arrowheads) is within the ipsilateral vertebral pedicle. B, A computed 
tomography scan in this same patient demonstrates the right ureter (arrow) as it courses behind the vena cava (V). 
The ureter will then course medially to the vena cava and passes back laterally over the ventral surface of the cava. 


C, Diagram of the expected course of a retrocaval ureter. 
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Medial deviation of the ureters due to retroperitoneal fibrosis (RPF). A, A single film from a urogram 
demonstrates marked medial deviation of the right ureter and mild medial deviation of the left ureter at the L4 level. 
There is no significant ureteral narrowing associated with this case of retroperitoneal fibrosis. B, Diagram of the typical 
medial deviation of the ureters sometimes seen with retroperitoneal fibrosis. 


Computed tomography (CT) of retroperitoneal fibrosis (RPF). A, Noncontrast CT through the kidneys 
shows bilateral hydronephrosis. There is a small volume of abnormal tissue around the aorta representing the cephalad 
extent of the RPF. B, At the L5 level there is more extensive RPF around the aorta and inferior vena cava. The ureters 
(arrows) are pulled medially into the fibrotic tissue. 
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FIGURE 5-26 Pelvic lipomatosis] A,| An intravenous urogram demonstrates medial deviation of the pelvic ureters 
(arrowheads) and a pear-shaped bladder in association with increased lucency in the pelvis around the bladder. These 
features are typical of pelvic lipomatosis. B, Computed tomography scan through the pelvis in this same patient 
demonstrates marked proliferation of perivesical and perirectal fat diagnostic of pelvic lipomatosis. C, Diagram of 
lower ureteral deviation seen in association with pelvic lipomatosis. 
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recurrent urinary tract infections. Cystitis glandularis 
is a premalignant bladder lesion that is associated with 
pelvic lipomatosis. 

Following abdominoperineal resection, the pelvic 
ureters will lie more medial than normal (Fig. 5-28). 


FIGURE 5-27 Coronal computed tomography shows a tear-shaped 
bladder and an abundance of fat in the pelvis, typical findings of 
pelvic lipomatosis. 


There is loss of the normal lateral curvature of the 
ureteral course in patients following this form of surgery. 
Typically, upon entering the pelvis, the ureters course 
directly inferior to the bladder. A history, or radio- 
graphic evidence, of substantial previous abdominal 
surgery is usually evident. 


Upper Ureter Lateral Deviation 


Unilateral lateral deviation of the upper two thirds of 
the left ureter is often due to abdominal aortic aneu- 
rysm (Fig. 5-29). Atherosclerotic calcifications of the 
aorta are often seen in association with this type 
of deviation. Focal lateral deviation of the upper left 
ureter in a young man suggests lymph node metastases 
from a testicular carcinoma (Figs. 5-30 and 5-31). 
These neoplasms typically spread through lymphatics. 
A primary path of lymphatic drainage of the left testicle 
parallels the left testicular vein and empties to nodes 
near the left renal vein. Bilateral deviation of the upper 
ureters is most commonly due to hypertrophy of the 
psoas muscles (Fig. 5-32) and usually occurs in muscu- 
lar young men. The enlarged muscles are often visible 
on an abdominal radiograph and on CT. This form of 
deviation is asymptomatic and incidentally detected. If 
the psoas muscle is wider than 8 cm from the edge of 
a vertebral body to its lateral edge, at the upper edge 
of the iliac bone, then psoas hypertrophy is likely to 
be the cause of ureteral deviation. Often the pelvic 
ureters are also medially deviated in these muscular 
individuals because of large iliacus and obturator inter- 
nus muscles, with resulting displacement of the ureters. 


FIGURE 5-28 Deviation of the ureters following abdominoperineal resection. A, The pelvic ureters, as seen contain- 
ing ureteral stents, are medially deviated with loss of the normal lateral curvature of the pelvic ureters. This pattern 
is typical following this surgical procedure. B, Diagram of the typical course of the ureters following abdominoperineal 
resection. 
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FIGURE 5-29 Lateral deviation of the left ureter due to an abdominal aortic aneurysm. A, The upper left ureter is 
laterally deviated. Atherosclerotic calcifications are seen within the wall (arrows) of this aneurysm. B, Diagram of 
the ureteral deviation typically seen with a large abdominal aortic aneurysm. 


FIGURE 5-30 Focal deviation of the upper left ureter due to lymphadenopathy. A, The intravenous urogram in this 
patient with treated carcinoma of the testicle demonstrates partially calcified lymphadenopathy (arrows) near the 
renal hilum. This is causing focal lateral deviation of the upper left ureter. This pattern is typical for lymphadenopathy 
from testicular neoplasms. B, Diagram of the typical ureteral deviation seen with perirenal lymph node metastasis 


from a left testicular neoplasm. 
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FIGURE 5-31 Computed tomography shows a markedly enlarged 
and necrotic lymph node (arrow) at the level of the right gonadal 
vein insertion into the inferior vena cava. This patient came to the 
emergency room with flank pain and was later found to have right 
testicular carcinoma with this lymph node metastasis. This is the 
location for the “sentinel” lymph node for the right testicle. 


An alternative cause of this pattern of ureteral deviation 
is massive lymphadenopathy. Massive retroperitoneal 
and pelvic lymphadenopathy causes lateral deviation of 
the upper ureters and medial deviation of the lower 
ureters (Fig. 5-33). It is typically seen in patients with 
lymphoma or chronic leukemia. Another typical pattern 
of ureteral deviation is seen after mobilization and peri- 
tonealization of the ureters as treatment for retroperi- 
toneal fibrosis. In these patients, the ureters exhibit 
marked lateral deviation (Fig. 5-34) in association with 
other postsurgical findings (i.e., surgical clips or wire 
sutures). In this surgery, the ureters are dissected away 
from the retroperitoneal fibrotic process, mobilized lat- 
erally, and wrapped in peritoneum or omentum to 
protect them from further involvement with the retro- 
peritoneal disease. 


Lower Ureter Lateral Deviation 


Several other conditions are associated with deviations 
that have a typical radiographic pattern. Focal lateral 
deviation of the ureter at the level of the upper sacrum 
(Fig. 5-35) is usually due to aneurysm of the iliac artery. 
A common site of bladder diverticulum is just inferior 
to the UVJ. A diverticulum in this specific location is 
often referred to as a Hutch diverticulum. When large, 
these diverticula will deviate the ureter. Typically, this 
leads to focal medial deviation of the ureter (Fig. 5-36) 
as it nears the UVJ. This is usually a unilateral process. 
Segments of the ureter may herniate leading to typical 
deviation patterns. Ureteral hernias are in general 
more common in middle-aged men, and are usually 
unilateral involving the right ureter only. With uretero- 
sciatic herniation, the ureter deviates laterally into the 
greater sciatic foramen (Fig. 5-37). This leads to a focal 
lateral deviation of the ureter in the pelvis. Inguinal 
and femoral herniation of the ureter also occurs. With 


FIGURE 5-32 Ureteral deviation from psoas hypertrophy. An intra- 
venous urogram in a young man demonstrates large psoas muscles 
(arrows) causing mild lateral deviation of the upper ureter 
bilaterally. 


inguinal herniation, the ureter in the pelvis focally devi- 
ates inferiorly (Fig. 5-38) into the inguinal canal. 
Femoral hernias have a similar appearance, but the 
herniation occurs in a more lateral location. Ureteral 
herniation may be asymptomatic, and these hernias 
often go unrecognized unless surgical repair is under- 
taken. In some cases, ureteral hernias cause ureteral 
obstruction. 

The other causes of ureteral deviation have nonspe- 
cific findings radiographically. The presence of one of 
these nonspecific forms of deviation should prompt a 
CT sean of the abdomen and pelvis to establish a defini- 
tive diagnosis or to exclude significant retroperitoneal 
disease. 


Abnormalities of Ureteral Caliber 


Caliber abnormalities of the ureter encompass both 
dilatation and narrowing. Causes of ureteral dilatation 
and narrowing are summarized in Boxes 5-5 and 5-6. 
Obviously, some overlap occurs between these two 
classes of abnormalities because ureteral narrowing 
often leads to obstruction with dilatation. However, ure- 
teral dilatation can be seen without associated ureteral 
obstruction (Box 5-7), in which case it may be due to 
mechanical distention from intraluminal mass, dimin- 
ished tone of the ureteral musculature, or increased 
intraluminal volume in the ureter. The ureter may be 
universally or segmentally dilated. 


Ureteral Dilatation 


Neoplasms. One of the most important causes of ure- 
teral dilatation is focal distention from an obstructing 
intraluminal mass. This finding is characteristic of a 
mucosal neoplasm. Although the neoplasm is nearly 
always a transitional cell carcinoma, other tumors such 

Text continued on p. 169 
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Ureteral deviation from massive retroperitoneal lymphadenopathy. A, An intravenous urogram in a 
patient with chronic lymphocytic leukemia demonstrates lateral deviation of the upper ureters, medial deviation of 
the lower ureters, and uplifting of the bladder base all due to diffuse lymphadenopathy. B, Diagram of typical ureteral 
deviation seen with extensive lymphadenopathy. 


Deviation of the ureters following mobilization and peritonealization of the ureters. A, Bilateral ureteral 
stents demonstrate the marked lateral course of the ureters in this patient who has been treated surgically for retro- 
peritoneal fibrosis. The ureters are mobilized, moved laterally, and wrapped in mesentery or peritoneum. B, Diagram 
of the expected course of the ureters following this surgical procedure. 
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FIGURE 5-35 Focal ureteral deviation due to a large iliac artery aneurysm. A, An intravenous urogram demonstrates 
marked lateral deviation of the right ureter overlying the sacrum. A calcified iliac artery aneurysm is the cause of this 
deviation. B, Diagram of the typical course of the ureter when it is deviated by an iliac artery aneurysm. 


FIGURE 5-36 Focal ureteral deviation due to a bladder diverticulum. A, There are bilateral bladder diverticula. The 
left-sided diverticulum is larger and occurs at the ureterovesical junction. There is typical medial deviation of the 
ureter (arrowheads) as it crosses over the top of this left-sided diverticulum. B, Diagram of the typical medial devia- 


tion of the lower ureter caused by a Hutch diverticulum. 
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FIGURE 5-37 Ureterosciatic herniation. A, Sciatic hernia of the left ureter. Retrograde pyelogram shows focal herniation 
of the left ureter (arrow) into the greater sciatic foramen causing ureteral obstruction. B, Diagram of left-sided inguinal 
hernia and less common femoral hernia (arrow) of the right ureter. 


BOX 5-5 Location and Extent of Ureteral Dilatation BOX 5-6 Ureteral Narrowing 
in the Absence of Intrinsic Ureteral Obstruction 
MALIGNANCY 


ENTIRE URETER 
Bilateral 


Bladder outlet obstruction (mechanical and functional) 
Extensive bladder neoplasm 

Bladder inflammation 

Prune-belly (Eagle-Barrett) syndrome 

Diabetes insipidus 

Polydipsia 

Primary megaureter 


Unilateral 

Vesicoureteral reflux (grades II to IV) 
Primary megaureter 

Ectopic ureter inserting below the bladder 
Bacterial infection 


LOWER URETER ONLY 


Primary megaureter 
Vesicoureteral reflux (grade I) 


UPPER URETER ONLY 
Retrocaval or retroiliac ureter 
Enlarged uterus 

Postpartum ectasia 


Urothelial 

Local extension of extrinsic tumor 
Distant metastasis 

Lymphoma 


CONGENITAL 
Congenital strictures 


INFECTIOUS CONDITIONS 


Tuberculosis 
Schistosomiasis 


INFLAMMATORY BOWEL DISEASE 
Regional enteritis 

Diverticulitis 

Appendicitis 


GYNECOLOGICAL 
Endometriosis 


TRAUMA 


Stone passage 

Iatrogenic 

Mechanical stone extraction 
Ureterolithotomy 

Radiation therapy 


MISCELLANEOUS CONDITIONS 
Retroperitoneal fibrosis 

Pelvic lipomatosis 

Amyloidosis 
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FIGURE 5-38 Inguinal and femoral hernias of the ureter.[A] An intravenous urogram demonstrates herniation of the 
right ureter (arrows) into the right inguinal canal. B, Computed tomography of a different patient shows the ureter 
(arrows) herniating into the inguinal canal. C, Diagram of a left-sided inguinal hernia and a less common femoral 


hernia (arrow) of the right ureter. 
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as metastases or squamous cell carcinoma rarely 
present with an identical appearance. Typically, ure- 
teral dilatation involves the entire ureter cephalad and 
a short segment caudal to the mass (Fig. 5-39). This 
appearance has been described as the goblet sign 
because the tumor causes a meniscus-shaped filling 


BOX 5-7 Nonobstructive Causes of 
Ureteral Dilatation 


Mechanical distention from intraluminal mass: 
Mucosal neoplasm (goblet sign) 

Decreased or flaccid ureteral musculature: 
Prune-belly (Eagle-Barrett) syndrome 
Bacterial infection with endotoxin release 
Residual dilatation from remote obstruction 

Increased intraluminal volume: 

Vesicoureteral reflux (primary and acquired) 
Primary megaureter 

Diabetes insipidus 

Polydipsia 


defect in the dilated, contrast-filled ureter, much like 
the appearance of fluid in a goblet. The goblet sign is 
not seen with all transitional cell carcinomas of the 
ureter. It is seen only with a minority of them. Dilata- 
tion below an intraluminal filling defect is never seen 
with non-neoplastic processes. The dilatation inferior 
to the tumor is believed to be caused by normal peri- 
stalsis, leading to continual intussusception of the 
tumor into the immediately adjacent ureter. Over time, 
focal dilatation of the ureter occurs below the neo- 
plasm. Less chronic, nongrowing intraluminal lesions, 
such as stones, cause contraction of the ureter caudal 
to the lesion because of spasm and accommodation to 
the diminished urine volume. 

Two thirds of transitional cell carcinomas are 
papillary, and the remainder is nonpapillary or infiltrat- 
ing. Transitional cell carcinoma is the most common 
type of urothelial neoplasm, accounting for approxi- 
mately 85% of these tumors. Some 5% of urothelial 
neoplasms are due to squamous cell carcinoma, 1% 
to adenocarcinoma, and 10% to benign tumors. These 
tumors are usually indistinguishable by radiologic 
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FIGURE 5-39 Ureteral dilatation resulting from a papillary transitional cell carcinoma. A, Cystoscopy followed 
by cannulation of the right ureter with a catheter and guidewire demonstrates coiling of the guidewire in the 
lower right ureter. Coiling of the guidewire or catheter in this dilated segment of the ureter is very suggestive of 
ureteral transitional cell carcinoma. This finding has been referred to as Bergman coiled catheter sign and is 
analogous to the urographic goblet sign. B, Goblet sign in a different patient with ureteral carcinoma. Left 
retrograde pyelogram shows a ureteral tumor causing a filling defect in the contrast column. The ureter is 
dilated (arrow) for a short segment below the mass causing the goblet sign of a ureteral neoplasm. 
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techniques. One important feature of transitional cell 
carcinomas is their propensity for multifocal disease 
(Box 5-8). When the ureter is involved, up to 40% 
of patients have or will develop other sites of transi- 
tional cell carcinoma (Fig. 5-40). Typically, these sites 


BOX 5-8 Transitional Cell Carcinoma 


85% of urothelial neoplasms: 


Two-thirds papillary 
20% multifocal 


Associations include aniline dyes, tobacco, analgesics, and 


Balkan nephrophathy 


are located on the same side in the collecting system, 
elsewhere in the same ureter, or anywhere in the 
bladder lumen. The entire length of the urothelium 
should be examined for other foci of transitional cell 
carcinoma. Transitional cell carcinomas are rarely seen 
in children and typically appear in middle-aged or older 
adults. Numerous carcinogens are known to increase 
the risk of transitional cell carcinoma. These include 
aniline dyes and other benzene compounds, tobacco 
use, analgesic abuse, bone marrow transplantation, 
some chemotherapeutic agents, such as cyclophospha- 
mide, that are used to treat malignant neoplasms 
outside the urinary tract, and in rare cases Balkan 
nephropathy. 


Multifocal ureteral carcinoma. Computed _tomogra- 


phy scans show two enhancing masses (circle in[A_and B)ļin the 
left ureter, and two in the bladder (arrow in C and D) that are 
transitional cell carcinomas. 
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Massive nonobstructive hydroureteronephrosis due 
to prune-belly syndrome. A delayed film from an intravenous urogram 
in this child with prune-belly syndrome demonstrates massive dilata- 
tion and redundancy of the ureters and renal pelvis due to deficient 
ureteral muscles. 


Dilatation of the ureter without obstruction is often due 
to diminished tone in the ureteral musculature. Patients 
with prune-belly syndrome often have inadequate ure- 
teral musculature. This leads to massive diffuse, bilat- 
eral ureteral dilatation and hydroureteronephrosis (Fig. 
5-41). In fact, there is no mechanical obstruction of the 
ureters, but the dilatation is due to flaccidity of the 
ureters. Because these patients have inadequate abdom- 
inal musculature with characteristic clinical findings, 
the diagnosis is generally obvious before ureteral 
imaging. Prune-belly syndrome, also known as Eagle- 
Barrett syndrome, is almost exclusively seen in males 
and cryptorchidism is common. Prostate and urethral 
anomalies often coexist. 


Pyelonephritis can also be associated with ureteral dila- 
tation without mechanical obstruction (Fig. 5-42). This 
enigmatic finding, ureteral ileus, is due to bacterial 
release of an endotoxin that paralyzes the ureteral mus- 
culature and inhibits ureteral peristalsis. If infection is 
suspected, exclusion of ureteral obstruction is crucial 
because its presence will inhibit entry of antibiotics 
into the infected urinary system. Obstruction also pro- 
motes rapid propagation of bacteria, destruction of 
renal parenchyma, and development of septicemia. 
Uncomplicated pyelonephritis resolves within 72 hours 
with appropriate antibiotic treatment. Radiographic 
abnormalities or symptoms of infection that continue 
for more than 3 days suggest complicated pyelonephri- 
tis. Complicated pyelonephritis can be due to ureteral 
obstruction, stone disease, unusual pathogens, or renal 
abscess. 


The most common cause of ureteral dilatation associ- 
ated with decreased muscle tone is residual ectasia 
related to remote obstruction. In these patients, ure- 
teral imaging will demonstrate dilatation of a ureteral 
segment without any other signs of obstruction. For 


Nonobstructive ureteral dilatation from infection. 
A,|Computed tomography shows typical features of pyelonephritis in 
both kidneys with striations and wedge-shaped defects in the nephro- 
gram. B, In the excretory phase both ureters are dilated (arrows) 
due to inhibited peristalsis from the infection, a so-called ureteral 
ileus. 


example, there will be no temporal delay in opacifica- 
tion of the collecting system or ureter. The normal- 
caliber ureter below the dilated segment will opacify 
normally. Administration of a diuretic will lead to rapid 
and symmetric contrast material washout from both 
the affected and the unaffected kidney. Permanent ure- 
teral ectasia requires a long-standing obstruction—one 
that lasts months or years. Once this obstruction has 
been relieved, the kidney regains function, but the 
ureter remains dilated, albeit unobstructed. One 
common form of this abnormality is postpartum dilata- 
tion of the ureter (Fig. 5-43). This is a unilateral abnor- 
mality that involves the right ureter only. Mild dilatation 
of the upper two thirds of the right ureter in women 
after childbirth often results from compression of the 
ureter between the enlarged uterus and the iliac vessels. 
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Postpartum ureteral dilatation. An 
intravenous urogram in this patient obtained before 
pregnancy demonstrates normal-caliber ureters and 
calyces. B, An abdominal radiograph taken during third- 
trimester pregnancy in the same patient demonstrates the 
position of the fetus overlying the right ureter as it crosses 
the iliac vessels. Mechanical compression of the right ureter 
is thought to be the major cause of postpartum ureteral 
dilatation. C, A urogram taken 6 months after delivery of a 
healthy infant demonstrates mild residual ectasia of the 
upper two thirds of the right ureter and the right calyces. 
This nonobstructive dilatation can persist for months or 
years following childbirth. 
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The left ureter is protected from compression by the 
interposed sigmoid colon. This segmental, right-sided 
ureteral dilatation can be marked during pregnancy 
because of ongoing compression, and it may be 
enhanced by hormonal inhibition of smooth muscle 
contraction during pregnancy. In most patients, the 
caliber of the ureter returns to normal after childbirth. 
However, in some patients this dilatation persists (see 
Fig. 5-43). It has been hypothesized that these patients 
experienced more severe compression during preg- 
nancy or that they had a subclinical urinary tract infec- 
tion coexisting with the partial obstruction during 
pregnancy. 

In any case, postpartum ureteral ectasia is not 
uncommon. However, this is a diagnosis of exclusion, 
and one must ensure that the transition from dilated to 
normal ureter is not associated with an obstructing 
lesion. CTU is usually adequate for this exclusion. Typi- 
cally, the transition from dilated to normal ureter 
occurs as the ureter crosses the iliac vessels. The ureter 
in this transitional segment is gently tapered and 
smooth, and filling defects are absent. 


Increased Urine Volume 


The final class of nonobstructive causes of ureteral dila- 
tation includes increased intraluminal volume. Chronic 
excessive urine output resulting from diabetes insipidus 
or polydipsia can lead to diffuse, bilateral dilatation of 
the ureters. Vesicoureteral reflux can also lead to ure- 
teral dilatation because the ureter must dilate to accom- 
modate the increased volume of urine in the segment 
affected by reflux. If reflux is minor, the ureter may 
contract to a normal caliber between episodes. Often, 
this ureteral segment has visible longitudinal linear 
lucencies indenting the contrast column. This appear- 
ance is due to infolding of redundant mucosa, analogous 
to the folds of an accordion. These folds are effaced 
during distention. 


Primary Megaureter 


One interesting form of ureteral dilatation caused by 
increased volume is primary megaureter, an idiopathic 
congenital abnormality. The definition of megaureter 
can be invoked whenever the width of the ureter 
exceeds 10 mm. Once a megaureter is detected, one 
must decide whether it is primary, or secondary to 
another cause such as chronic obstruction. Primary 
mefgaureter results from inadequate musculature inhib- 
iting peristalsis along a short segment of the ureter near 
the UVJ. This segment of the ureter appears normal 
radiographically, without stenosis, dilatation, or filling 
defect. However, inhibition of peristalsis along this 
segment leads to transient holdup of urine above the 
segment, resulting eventually in ureteral dilatation. 
Typically, primary megaureter leads to massive dilata- 
tion of the lower third of the ureter (Fig. 5-44). Less 
commonly, the entire length of the ureter may be 
dilated. However, in the vast majority of patients with 
primary megaureter, the calyces retain their sharp, 
nondilated appearance. This appearance is distinctly 
different from that of ureteral obstruction, in which 
blunting of calyces is an early and persistent finding 
that often occurs before ureteral dilatation. 


One fact that can complicate diagnosis is the occa- 
sional association of megacalycosis (Fig. 5-45), another 
congenital abnormality, with primary medgaureter. 
Radiographic findings include an increase in number 
(polycalicosis) and abnormality in shape of the calyces 
(megacalyces); megacalyces are often squared or lami- 
nated in shape, likened to jigsaw puzzle pieces, mimick- 
ing obstruction. Although primary megaureter and 
megacalycosis are two distinct entities, the incidence 
of megacalycosis is increased in patients with primary 
megaureter. Their coexistence is easily misinterpreted 
as chronic ureteral obstruction. The increased number 
of calyces and their characteristic shape in the absence 
of other findings of obstruction, such as delayed con- 
trast excretion, should suggest this association. 

Primary megaureter is unilateral in 75% of cases. 
When unilateral, the left is more commonly affected 
than the right. Primary megaureter is also more common 
in men than in women, and it is usually discovered 
incidentally. Primary megaureter can lead to recurrent 
urinary infections or, less commonly, urolithiasis. 
Although the typical appearance of primary megaure- 
ter, marked dilatation of the lower third of the ureter 
without evidence of obstruction, is rather characteris- 
tic, vesicoureteral reflux should be excluded before 
making a final diagnosis. A radiographic or radionuclide 
voiding cystourethrogram can be used to exclude vesi- 
coureteral reflux because its management differs from 
the usual management of primary megaureter. 


Ureteral Narrowing 


The causes of ureteral narrowing are numerous (see 
Box 5-6). It is particularly important to try to distin- 
guish intrinsic from extrinsic causes to expedite diag- 
nosis initially. Intrinsic abnormalities are best evaluated 
with intraluminal procedures such as endoscopy, brush 
biopsy, and urine cytology studies. Extrinsic lesions 
are best evaluated with cross-sectional imaging for 
characterization and guidance of percutaneous biopsy, 
if necessary. Fig. 5-46 is a diagrammatic demonstration 
of the differing pyelographic appearances of intrinsic 
and extrinsic causes of ureteral narrowing. Obviously, 
these appearances overlap to some extent, but these 
models serve as good guidelines for directing further 
evaluation. 

An intrinsic lesion such as infiltrating transitional 
cell carcinoma generally causes an abrupt caliber 
change with irregularity of the mucosa (Figs. 5-5 and 
5-47) in the narrowed area. This is analogous to the 
apple-core lesion seen on barium studies with circum- 
ferential colon carcinomas. These infiltrating ureteral 
tumors lead to irregular circumferential thickening of 
the ureteral wall and resulting luminal narrowing. 
Causes of the apple-core appearance of ureteral narrow- 
ing are urothelial tumors (transitional cell carcinoma 
and squamous cell carcinoma) and, less commonly, 
benign strictures. Benign strictures may be caused by 
recurrent stone disease, particularly with infection- 
based stones, and iatrogenic causes including mechani- 
cal and surgical stone extractions or radiation therapy. 
All of these processes can lead to intrinsic thickening 
of the ureteral wall with an abrupt transition from 
normal lumen to narrowed ureteral lumen. This 
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FIGURE 5-44 Primary megaureter [A An intravenous urogram in this patient with recurrent urinary tract infections demonstrates 
massive dilatation of the lower third of the left ureter. The left calyces are delicate and nondilated. This pattern is incompatible 
with ureteral obstruction and is typical of primary megaureter. A cystogram done 1 week later demonstrated no evidence of 
ureteral reflux. B, Computed tomography (CT) shows normal kidneys without hydrone-phrosis. C, CT of the pelvis shows marked 
dilatation of only the lower left ureter (arrow) typical of primary megaureter. D, CT urography in another patient shows focal 
lower ureter dilatation (arrow) from primary megaureter. 
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Congenital megacalycosis. This urogram demon- 
strates an increased number of abnormally shaped calyces. The 
calyces are squared off rather than concave. There is normal paren- 
chymal thickness. This pattern of abnormalities is typical of congeni- 
tal megacalycosis. 


Encasement 


Infiltration 


Diagram of two patterns of ureteral narrowing. Intrin- 
sic, infiltrating lesions such as transitional cell carcinoma typically 
cause abrupt narrowing of the ureter and irregularity of the mucosa. 
Alternatively, encasement of the ureter by an extrinsic process causes 
gentle tapering with a waistlike narrowing of the ureteral lumen, and 
normal mucosa. 


appearance differs from encasement and narrowing of 
the ureter by extrinsic processes such as those described 
in Box 5-6. These lesions tend to cause a smooth, 
gradual tapering of the ureteral lumen, leading to 
a waistlike appearance of the lumen, with smooth 
mucosa throughout the narrowed segment (Fig. 5-48). 
This appearance is also diagrammatically depicted in 
Fig. 5-46. 

CTU has replaced IVU and other radiographic studies 
of the urinary tract as the imaging test of choice for the 


eZ 


Ureteral narrowing due to an invasive transitional cell 
carcinoma (TCC). A retrograde pyelogram in this patient demon- 
strates mucosal irregularity and abrupt narrowing of the ureter. These 
features are typical of an infiltrating process such as TCC. 


Ureteral narrowing due to an extrinsic process. A 
retrograde pyelogram in this patient with carcinoma of the cervix 
demonstrates severe ureteral narrowing. The narrowed segment has 
normal smooth mucosa and the narrowing is a gentle tapering rather 
than an abrupt transition. These features are typical of encasement 
of the ureter by an extrinsic process. 
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Computed tomography (CT) of urothelial carcinoma. CT urography shows typical CT features of an 
infiltrating urothelial carcinoma with avid enhancement (white arrow) during the nephrogram phase of contrast injection 
(A), and circumferential and irregular wall thickening (B; white arrow). The normal left ureter (black arrows) shows a 
thin, minimally enhancing wall. 


Bilateral ureteral narrowing caused by retroperitoneal 
fibrosis. Bilateral retrograde pyelograms demonstrate massive hydro- 
ureteronephrosis with extrinsic-type ureteral narrowing (arrows) at 
the L5 level. This is a typical location and appearance of retroperito- 
neal fibrosis. 


detection of urothelial abnormalities including carcino- 
mas. Urothelial carcinomas thicken the ureteral wall 
and enhance avidly on CTU during the nephrogram 
phase making them conspicuous (Figs. 5-5 and 5-49). 


Retroperitoneal Fibrosis. Retroperitoneal fibrosis is an 
interesting disease process in itself. The idiopathic 
form, also known as Ormond disease, accounts for 
approximately one half of these cases. Although the 
cause of idiopathic retroperitoneal fibrosis is unknown, 
it does often coexist with inflammatory bowel disease, 
primary sclerosing cholangitis, and fibrosing mediasti- 
nitis. Known causes of retroperitoneal fibrosis are 
inflammation arising in the wall of an abdominal aortic 
aneurysm (the so-called inflammatory aneurysm); 


BOX 5-9 Associations with Retroperitoneal Fibrosis 


COMMON 
Idiopathic 


UNCOMMON 
Aortic aneurysm (inflammatory aneurysm) 
Aortic graft 
Retroperitoneal conditions: 
Hemorrhage 
Urinoma 
Abscess 


Drugs: 
Bowel disease: 


RARE 


Sclerosing cholangitis 
Fibrosing mediastinitis 


vascular grafts; retroperitoneal metastases such as 
lymphoma, breast carcinoma, or carcinoid tumor; and 
retroperitoneal hematoma, abscess, urinoma, diver- 
ticulitis, or appendicitis (Box 5-9). Other known asso- 
ciations with retroperitoneal fibrosis are certain 
medications such as ergot alkaloids and hydralazine. 
Undoubtedly, numerous other etiologies of retroperito- 
neal fibrosis exist, but regardless of the cause, retroperi- 
toneal fibrosis cases share many characteristics. 

The fibrosis tends to begin just lateral to the aorta. 
Therefore it typically involves the left ureter before the 
right. As it spreads, the fibrotic process extends to 
the pericaval region and the interaortocaval area of the 
retroperitoneum. Although retroperitoneal fibrosis can 
involve the ureter anywhere between the bladder and 
the UPJ, it most commonly is centered in the L3 to L5 
area (Fig. 5-50). On cross-sectional imaging, retroperi- 
toneal fibrosis is a smooth platelike area of soft tissue 
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Computed tomography (CT) of retroperitoneal fibro- 
sis. This uninfused CT scan demonstrates an ill-defined soft-tissue 
mass surrounding the aorta and vena cava. The ureters (arrows) are 
drawn into this fibrotic mass. 


Computed tomography (CT) of retroperitoneal lym- 
phoma mimicking retroperitoneal fibrosis (RPF). This contrast- 
infused CT demonstrates an ill-defined soft-tissue mass centered 
around the aorta. A portion of this mass extends behind the aorta 
and uplifts it away from the spine. In this case this mass is due to 
lymphoma. This pattern, while similar to retroperitoneal fibrosis, 
would be unusual for that benign entity and is more suggestive of 
malignancy such as lymphoma. 


(Figs. 5-25 and 5-51) layered around, between, and over 
the aorta and the inferior vena cava. It is unusual 
for retroperitoneal fibrosis to extend between the aorta 
and the vertebral bodies. When the aorta is uplifted 
from the spine by a retroperitoneal mass (Fig. 5-52), 
lymphoma is a much more likely diagnosis than retro- 
peritoneal fibrosis. Retroperitoneal fibrosis is a slow- 
growing process that encases the ureteral wall and leads 
to loss of peristalsis in the affected segment. Rarely 
there is ureteral wall invasion, and the mucosa is always 
spared. Because the ureteral lumen remains patent and 
obstruction is purely functional, the onset of obstruc- 
tive symptoms is insidious. Most often, the degree 
of hydronephrosis seen with retroperitoneal fibrosis 


á 


u 


Radiation stricture of the ureter. This intravenous 
urogram demonstrates an abrupt caliber change in the lower right 
ureter (arrowhead). The patient had been treated with surgery and 
radiation for carcinoma of the testes. This stricture developed more 
than 1 year following radiation therapy to this region. 


greatly underestimates the degree of renal insufficiency, 
probably because of the lack of severe increase in pres- 
sure in the obstructive collecting systems. In addition, 
it is typical for passage of ureteral stents to be unusually 
easy through these smoothly narrowed segments of 
encased ureter because the ureteral lumen is fixed open 
by the encasing fibrotic process. While this fixation 
inhibits peristalsis, it facilitates stent passage through 
the ureteral lumen. Although these features are not 
diagnostic of retroperitoneal fibrosis, they are certainly 
commonly seen. 


Radiation Stricture. Ureteral narrowing caused by 
radiation damage to the ureter is another interesting 
entity. Most such cases develop when pelvic or retro- 
peritoneal neoplasms occur in the same radiation 
field as a segment of ureter. When a ureteral stricture 
develops in this area, radiation-induced stricture and 
recurrent neoplasm are the two major diagnostic con- 
siderations. On contrast studies, radiation strictures 
tend to have an abrupt transition from normal to nar- 
rowed ureter (Fig. 5-53), whereas recurrent extrinsic 
tumor will usually lead to gradual, tapered narrowing of 
the ureteral lumen. In addition, the development of 
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FIGURE 5-54 Ureteral strictures from tuberculosis. This intrave- 
nous urogram demonstrates multiple ureteral strictures (short 
arrows) and a focal area of papillary necrosis (arrow). This is a 
typical pattern of spread for tuberculosis, which was cultured from 
the patient’s urine. 


radiation strictures is usually delayed by at least 12 
months after radiation therapy. Hence, earlier develop- 
ment of ureteral narrowing strongly suggests recurrent 
neoplasm. 


Miscellaneous Causes of Strictures. In the case of 
infectious causes of ureteral strictures, careful exami- 
nation of adjacent structures will usually aid in the 
diagnosis. For example, involvement of the ureter with 
tuberculosis is always secondary to renal involvement. 
Therefore a careful evaluation of the kidney for signs 
of tuberculosis (Fig. 5-54) (i.e., papillary necrosis, 
amputated or phantom calyces, mucosal ulcerations, 
strictures) is important. Alternatively, the spread of 
schistosomiasis to the ureter is always preceded by 
bladder involvement. Evidence of cystitis, bladder con- 
traction, and bladder wall calcifications suggests pos- 
sible schistosomiasis, which can then spread through 
the vesicoureteral reflux to the ureters. 

Multifocal areas of ureteral narrowing should suggest 
multifocal transitional cell carcinoma, tuberculosis, 
or metastatic disease to adjacent lymph nodes. Infil- 
trating transitional cell carcinoma is much less com- 
monly multifocal than is the papillary form. However, 


transitional cell carcinoma would be the most likely 
diagnosis when multiple intrinsic strictures of a ureter 
are detected. Alternatively, multiple extrinsic-type 
strictures are suggestive of metastatic disease encasing 
the ureter at multiple sites, or lymphoma. Lymphoma 
often involves many retroperitoneal lymph nodes, 
leading to bilateral ureteral narrowing and associated 
ureteral deviation from massive adenopathy. However, 
this can be indistinguishable from other types of meta- 
static disease. 

Finally, location and other radiologic findings may 
be helpful in diagnosing other causes of ureteral nar- 
rowing. Specifically, patients with diverticulitis often 
develop inflammatory changes of the adjacent ureter. 
Because the sigmoid colon is most commonly involved 
with diverticulitis, the lower left ureter is the segment 
that is narrowed in association with diverticulitis. Alter- 
natively, ureteral strictures associated with regional 
enteritis (Crohn disease) are usually in the mid-to- 
lower right ureter in the area adjacent to the terminal 
ileum. Strictures from appendicitis occur in the lower 
right ureter adjacent to the appendix. Endometriosis 
can also lead to stricturing of the adjacent ureter. This 
ean occur bilaterally and is usually at the level of the 
uterotubal ligaments in the pelvis, a common site for 
endometriosis implants. Endometriosis is usually asso- 
ciated with symptoms such as cyclical pelvic pain and 
dyspareunia. 


Ureteral Pseudodiverticulosis 


Ureteral pseudodiverticulosis is a rare entity diagnosed 
with radiologic examinations. Ureteral pseudodiverticu- 
losis is diagnosed when small (<4 mm in diameter) out- 
pouchings communicate with the lumen of the ureter 
(Fig. 5-55). These outpouchings are usually multiple 
and often bilateral. The pseudodiverticula are often 
more evident on retrograde pyelograms than on CTUs. 
The diverticula are thought to arise from mucosa invag- 
inating into subepithelial connective tissues of the ure- 
teral wall. While the cause of these is uncertain, they 
seem to be induced by chronic inflammation of the 
ureter, usually associated with chronic stone disease or 
infections. The presence of ureteral pseudodiverticula 
can be an indicator of current or future transitional cell 
carcinoma. Interestingly, the transitional cell carcino- 
mas that are found to coexist with the pseudodivertic- 
ula do not occur at the site of the diverticula, but rather 
arise elsewhere from the urothelium. The increased 
risk of the development of a urothelial malignancy in 
patients with chronic urinary tract inflammation is 
well-known. The presence of chronic inflammation 
likely explains the presence of pseudodiverticula of the 
ureter and of the increased risk of transitional cell 
carcinoma. 

Owing to the possibility of synchronous transitional 
cell carcinoma, the detection of ureteral pseudodiver- 
ticulosis should prompt the radiologist to scrutinize the 
entire urothelial surface carefully for signs of malig- 
nancy. If no evidence of coexisting tumor is present, 
the clinicians should be encouraged to obtain follow-up 
urine cytology, or imaging studies such as intravenous 
urograms or retrograde pyelograms, periodically for 
transitional cell carcinoma surveillance. 
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Ureteral pseudodiverticula and transitional cell car- 
cinoma. A retrograde pyelogram of the left ureter shows several small 
outpouchings from the mid ureter (arrows) and an irregular narrow- 
ing of the ureteropelvic junction (short arrow), proven to be a tran- 
sitional cell carcinoma. These outpouchings show the standard 
radiologic appearance of pseudodiverticula, which can be seen on 
intravenous urography as well as on retrograde studies. As in this 
case, pseudodiverticula, while themselves benign, may be seen syn- 
chronously with transitional cell carcinomas elsewhere in the urinary 
track. 


Diagnosis of urolithiasis has been revolutionized by the 
widespread implementation and use of CT. CT can be 
used to confirm the diagnosis of ureterolithiasis rapidly 
and is considerably faster and more accurate than urog- 
raphy, sonography, and radiography for the diagnosis of 
urolithiasis. Studies have shown that a CT stone study 
has a 98% positive predictive value for ureterolithiasis 
and the absence of imaging features of ureterolithiasis 
has a negative predictive value of 93%. Comparison 
studies have shown that stones in the ureter are detected 
65% of the time with IVU. CT also has the advantage of 
demonstrating the entire abdomen and pelvis in great 
detail, which often allows for an alternative diagnosis 
to be detected. Up to 50% of patients undergoing a 
CT stone study for acute flank pain will have an alterna- 
tive diagnosis suggested by the radiologist viewing the 
CT scan. Common mimics of ureteral colic are appen- 
dicitis, diverticulitis, hemorrhagic or ruptured ovarian 
cyst, biliary disease, and leaking abdominal aortic 
aneurysms. 

Imaging for patients with urinary tract colic and sus- 
pected ureterolithiasis involves a CT scan of the entire 
urinary tract, which can be performed in seconds 
without the need for intravenous or oral contrast 


Noncontrast computed tomography of a renal stone. 
A 2-mm stone in the right kidney appears as a homogeneous high- 
attenuation focus. This is the appearance of all urinary tract stones, 
except the extremely rare stones formed from condensation of 
excreted medicines, such as indinavir. There is a stone (not shown) 
in the left ureter evidenced by perirenal stranding, hydrocalyx (short 
arrow), and hydroureter (arrow). 


The tissue-rim sign. Noncontrast computed tomogra- 
phy (CT) shows a high-attenuation focus surrounded by a rim of soft 
tissue (arrow). This finding is known as the tissue-rim sign, and is 
strong CT evidence that the high density is a stone in the ureter. 


material. CT of the urinary tract is performed using 
5 mm or less collimation and a pitch of 1 to 2. Scans 
should be performed above the kidneys and extend to 
below the bladder base. 

All typical urinary tract calculi are densely opaque 
on CT, and early obstruction can be detected very 
easily. With a CT stone study, a direct sign of urolithia- 
sis is the detection of a homogeneous high-density 
focus within the kidney or the ureter (Fig. 5-56). The 
UVJ is usually visible on a CT stone study, and the 
ureter can often be traced in the cephalad direction 
through the pelvis to identify the ureteral stone. A cir- 
cumferential rim of soft tissue often surrounds ureteral 
stones (Figs. 5-57 and 5-58). This is known as the 
tissue-rim sign. The circumferential rim of soft tissue 
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Secondary computed tomography (CT) findings of ureteral stone. 

This noncontrast CT on a patient with a left ureteral stone shows typical signs 

of ureteral obstruction. Abnormal soft-tissue stranding in the perinephric space 
accompanies hydronephrosis (arrow). B, A more caudal image of the same patient 
shows abnormal soft-tissue stranding in the periureteral fat (arrows) and hydro- 
ureter (short arrow). C, On this noncontrast CT, high-density renal pyramids 
(arrows) are shown in the left kidney. This is a normal finding seen bilaterally in 
many patients, particularly those who are mildly dehydrated. In the right kidney, 
the renal pyramids are not hyperdense and there is mild caliectasis (short arrow). 
The unilateral absence of hyperdense renal pyramids is a sign of acute ureteral 
obstruction. D, CT image from the same patient at the pelvic brim level shows the 
tissue-rim sign with a stone in the right ureter surrounded by a collar of soft tissue. 
There is also periureteral soft-tissue stranding (arrow), another secondary sign of 


a ureteral stone. 


is the edematous ureteral wall surrounding the stone. 
The tissue-rim sign is seen with more than 90% of 
stones less than 4 mm in diameter. Venous phleboliths 
rarely have tissue-rim signs. The absence of a tissue-rim 
sign coupled with absence of evidence of ureteral 
obstruction indicates that a calcification is most likely 
a phlebolith or other vascular calcification. The comet- 
tail sign can also be used to indicate that the calcifica- 
tion is a phlebolith rather than a stone. The comet-tail 
sign describes a calcification with a linear band of soft 
tissue extending eccentrically from one side of the 


'D 


calcification. The band of soft tissue represents the vein 
containing the calcified thrombus. However, the most 
useful technique to differentiate stones from phlebo- 
liths is carefully tracing the course of the ureter in the 
area of the suspicious calcification. Knowing the ureter 
course helps differentiate gonadal vein phleboliths from 
ureteral stones. In most patients the ureter descends 
from the kidney near the adjacent gonadal vein. In the 
upper abdomen the gonadal vein is of similar caliber 
but is located medial and anterior to the location of the 
ureter. As the gonadal vein is followed caudally it 
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BOX 5-10 CT Signs of a Ureteral Stone 


PRIMARY 
Homogeneous density in the ureter lumen 


SECONDARY 


Unilateral hydronephrosis 

Unilateral hydroureter 

Unilateral perirenal stranding 
Unilateral periureteral stranding 
Unilateral nephromegaly 

Kidney stones 

Unilateral loss of white renal pyramids 


CT, Computed tomography. 


courses laterally as it enters the pelvis. At the level of 
the iliac crest, the gonadal vein should be lateral to the 
ipsilateral ureter. As the ureter descends further it lies 
near, but anterior to, the common iliac artery and 
further caudal it is adjacent to the internal iliac vessels. 
The ureter then courses nearly horizontally and ante- 
riorly to enter the bladder. The UVJ is usually visible 
on a CT stone study, and the ureter can often be traced 
in the cephalad direction through the pelvis. 

Secondary signs of obstruction are extremely impor- 
tant when using helical CT to detect ureterolithiasis 
(Box 5-10). Secondary signs include unilateral hydro- 
nephrosis, unilateral hydroureter, unilateral peri- 
nephric stranding, unilateral periureteric stranding, 
unilateral nephromegaly, unilateral absence of the 
white renal pyramids on the side of the obstruction, and 
kidney stones (see Figs. 5-56 and 5-58). The presence 
of hydroureter with ipsilateral perinephric or periure- 
teric stranding has a positive predictive value of 98% for 
the presence of a ureteral stone. The absence of these 
two findings has a negative predictive value of 93% for 
the absence of a ureteral stone. These degrees of accu- 
racy greatly exceed those seen with IVU, and sonogra- 
phy. Because many stones are detected acutely, 
detection of hydronephrosis and hydroureter may be 
subtle. However, comparison with the unaffected side 
usually demonstrates significant asymmetry with dila- 
tation and a column of urine in a mildly dilated ureter 
on the affected side cephalad to the stone. Periureteric 
and perinephric stranding is likely to be due to lym- 
phatic engorgement and edema around the affected 
kidney and ureter. Some of this stranding is due to 
thickening of perinephric septa. Stranding appears as 
linear soft-tissue bands in the perinephric space, sub- 
capsular space, and adjacent to the ureter. As described 
earlier, these findings in conjunction with hydroureter 
are highly suggestive of acute obstruction. Nephromeg- 
aly is often seen due to parenchymal edema from high- 
grade ureteral obstruction, and its presence may alert 
one to the presence of a ureteral stone and other sec- 
ondary signs of obstruction. The presence of kidney 
stones, although not as important an indicator of acute 
ureteral obstruction, does indicate that the patient has 
a propensity to develop ureterolithiasis and may have 
a ureteral stone causing symptoms. 

The location of the stones in the ureter, the size of 
the stones in the ureter, and patient symptoms are the 


major determinants of treatment for patients with ure- 
teral calculi. Larger stones (>4 mm) in the upper ureter 
are less likely to pass spontaneously and may require 
intervention such as ureteral stenting. In addition, 
intractable pain, nausea and vomiting with dehydra- 
tion, and fever usually influence a clinician’s decision 
to admit and aggressively treat stone patients instead 
of standard conservative hydration with analgesics and 
watchful waiting until spontaneous stone passage has 
occurred. 

The potential risks of imaging for diagnosis of urinary 
tract stones are adverse contrast reactions and radia- 
tion exposure. Because contrast media injection is not 
required for a CT stone study, there is no risk of an 
adverse reaction to intravascular contrast media, and 
virtually all stones are radiopaque with CT. 

Radiation exposure for the patient is a concern to be 
considered when choosing the best test for detection of 
urinary tract calculi. A CT stone study exposes the 
average patient to approximately 5 mSv, similar to the 
older radiology standard imaging technique, the IVU. 
Although sonography exposes patients to no ionizing 
radiation, it is less accurate than CT for diagnosing 
acute ureteral obstruction and for making alternative 
diagnoses, when present. 

Finally, when employing the CT scan study in a 
patient with acute flank pain, a negative study must be 
evaluated very carefully for the presence of other 
urinary tract pathology. Stranding and heterogeneity of 
one or both the kidneys without hydronephrosis may 
indicate the presence of pyelonephritis, renal infarc- 
tion, or acute renal vein thrombosis. These are usually 
impossible to diagnose on a noncontrast CT scan study. 
In these cases administration of intravenous contrast 
with rescanning of the area of concern may be helpful 
to detect an abnormality accounting for the patient’s 
symptoms (Fig. 5-42). As with all radiologic studies, the 
radiologist must be alert to the possibility of detecting 
unexpected abnormalities such as renal cell carcinoma, 
other renal neoplasms, congenital urinary tract anoma- 
lies, and extrarenal pathology. 

Are all urinary tract calculi detectable with CT stone 
studies? Virtually all urinary tract calculi are detectable 
if proper technique is used. In some situations, such as 
uncontrollable patient movement, morbid obesity, or 
improper scanning techniques, some stones will be 
undetectable. These situations are rare. There are also 
a few reported cases of stones, which have formed from 
condensation of chemicals, which are insoluble in urine 
under certain circumstances, and are excreted in high 
concentrations in the urine. These precipitates obstruct 
the ureter but are invisible with CT. The best known of 
these is composed of indinavir sulfate, a protease inhib- 
itor used in the treatment of human immunodeficiency 
virus—positive patients. In up to 5% of patients taking 
this drug chronically, concretions of pure excreted indi- 
navir sulfate or indinavir sulfate complexed with 
calcium oxalate form in the urine and obstruct the 
ureter. The density of these precipitates is indistin- 
guishable from the ureter and urine using CT. Other 
rare concretions formed from unusual constituent 
chemicals in the urine have been reported to be unde- 
tectable with CT stone studies. In reality, these are so 
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BOX 5-11  Ureteral Filling Defects 


INTRALUMINAL 
Calculi 

Blood clots 
Sloughed papilla 
Fungus ball 


Mucopus 
Air bubbles 


MUCOSAL 

Neoplasm (benign/malignant) 
Edema 

Leukoplakia 


MURAL 
Ureteritis cystica 
Hemorrhage 
Malacoplakia 
Endometriosis 
Schistosomiasis 


EXTRINSIC 
Vascular processes 


rare that they should not be considered in evaluating a 
CT stone study. In practice, when one detects second- 
ary signs of obstruction without a visible stone, then 
the presumptive diagnosis is recent passage of a stone 
through the ureter with persistent UVJ edema. 


== URETERAL FILLING DEFECTS 
Assessment 


Box 5-11 lists numerous causes of ureteral filling defects/ 
masses. This list is long, although many of these entities 
are quite rare. 

When a ureteral filling defect is detected on a con- 
trast study such as an IVU or retrograde pyelogram, the 
list of possible causes must be narrowed for proper 
patient management. The single most important step is 
evaluation of a plain abdominal radiograph with atten- 
tion to the area of ureteral pathology. Urolithiasis is the 
most common cause of ureteral obstruction, and many 
urinary tract stones are radiopaque or visible on a high- 
quality abdominal film. They can be confirmed with a 
CT stone study. 

A discussion of the radiographic [kidney-ureter- 
bladder (KUB)] appearance of urinary tract stone types 
warrants a slight digression. Dual-energy CT has been 
shown to be useful to differentiate between different 
stone types. It is especially useful to distinguish uric 
acid stones from calcium-containing stones. In addi- 
tion, there are clues on KUB to stone composition. Pure 
calcium phosphate stones and calcium monohydrate 
stones are the densest per volume of stone (Table 5-1). 
This fact may be important because pure calcium 
phosphate stones are less responsive to extracorporeal 
shock wave lithotripsy (ESWL) than are most other 
stones. Calcium oxalate dihydrate stones often have a 
spiculated (Figs. 5-59 and 5-60) or dotted configuration 
that is sometimes compared with the appearance of 
a mulberry or a child’s toy jack. These stones are 


TABLE 5-1 Composition of Renal Stones 


Composition Frequency (%) Radiopacity 
Calcium phosphate 10 4 
Calcium phosphate/oxalate 40 3-4 
Calcium oxalate 30 3 
Struvite 10 2-3 
Cystine 1 il 

Uric acid 10 0 


FIGURE 5-59 Mulberry stone. This plain abdominal radiograph 
demonstrates a densely calcified left renal stone. At the edges of the 
stones a dotted texture can be appreciated. This appearance is typical 
of calcium oxalate dihydrate stones. 


considered very fragile and are easily fragmented with 
ESWL. Most calcium stones are admixtures of oxalate 
and phosphate salts with intermediate density and 
intermediate fragility for ESWL treatment. Magnesium 
ammonium phosphate (struvite) stones have low radi- 
opacity, or may be completely radiolucent. However, 
these stones are usually complex with calcium phos- 
phate, which increases their radiopacity. These are 
usually infection-based stones that often grow on to 
become large, branched calculi (Fig. 5-61). These stones 
form in part due to urinary infection with bacteria that 
harbor a urea-splitting enzyme. The enzyme causes 
alkalinization of the urine, which favors stone forma- 
tion. The calcium phosphate component of these stones 
often layers on the struvite and leads to a laminated 
appearance (Fig. 5-62). Although these stones are easily 
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Jack stone. Three densely calcified stones are noted 
in this right kidney. The central stone has spiculated margins and 
mimics the shape of a toy jack. This is another typical shape for 
calcium oxalate dihydrate stones. 


Bilateral branched struvite calculi. This plain abdomi- 
nal radiograph demonstrates large bilateral infection-based struvite 
calculi. For their size, these stones are not particularly dense and are 
largely composed of radiolucent struvite. 


fragmented with ESWL, their large size and infectious 
etiology often precludes successful ESWL treatment. 
Fragmentation and extraction of these stones through 
a percutaneous nephrostomy tract is the preferred 
treatment in most patients. Cystine stones contain no 
calcium and are rendered radiopaque by their sulfur 
content. They are less opaque than calcium stones of a 
comparable size and generally have a homogeneous 
density (Fig. 5-63) similar to that of excreted contrast 
material. Their appearance is typically described as 
being opalescent or similar to that of ground glass. 


Laminated struvite stone. This radiograph demon- 
strates prominent laminations in the oval stone in the right renal 
pelvis. These laminations are typical of an infection-based stone 
composed largely of struvite. Incidental note is made of multiple 
gallstones overlying the lateral portion of the right kidney. 


Cystine stones are not easily fragmented with ESWL 
and are considered to be among the least fragile of 
the urinary tract calculi. Although cystine stones are 
not very fragile, those with rough surfaces have a fragil- 
ity similar to that of pure calcium stones, whereas 
smooth cystine stones are less responsive to ESWL 
fragmentation. 


Although most urothelial carcinomas are transitional 
cell carcinomas, mixed histology can be present, with 
some being predominately composed of squamous cell 
carcinoma or adenocarcinoma. Because treatment and 
prognosis are largely dependent on cell grade and tumor 
stage rather than the subtype of carcinoma, many 
pathologists now classify all of these tumors as urothe- 
lial carcinomas. Urothelial neoplasms are mucosal 
lesions arising from the inner lining of the pelvocalyces, 
ureter, bladder, or upper urethra. Urothelial tumors 
exhibit two different growth patterns. Two thirds of 
urothelial carcinomas grow into polypoid lesions, 
extend into the lumen of the urinary tract, and cause 
radiolucent filling defects in the excretory phase of 
contrast imaging. The remaining urothelial carcinomas 
infiltrate the urinary tract wall and lead to stricturing 
and wall thickening, as described earlier in this chapter. 
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FIGURE 5-63 Cystine stone. This abdominal radiograph demon- 
strates a branched stone in the left kidney. The stone has homoge- 
nous density and has a ground-glass or opalescent appearance. These 
stones tend to have comparable density to excreted contrast and can 
be very difficult to identify following intravenous injection of contrast 
material. 


While evaluating for urothelial abnormalities on 
CTU, it is important to evaluate axial images during all 
phases of scanning carefully. Multiplanar reconstruc- 
tions are optional, but may be helpful in some instances. 
It is particularly important to examine the entire length 
of the ureters during the nephrogram phase to detect 
avidly enhancing, but small, urothelial tumors (see Figs. 
5-4, 5-5, 5-40, and 5-49). Typically, these tumors avidly 
enhance and are readily detected during the nephro- 
gram phase. This has been shown to be the most sensi- 
tive phase of CTU for detection of small urothelial 
carcinomas. An excretory phase is also included in CTU 
to improve the detection of polypoid ureteral tumors 
(Fig. 5-64). When viewing excretory-phase images, they 
should be evaluated with standard soft-tissue settings, 
and also with wide bone-window-and-level settings to 
detect intraluminal filling defects. Searching for masses 
and urothelial thickening are the objectives of this eval- 
uation. Although it is often impossible to opacify the 
entire length of the ureteral lumen during the excretory 
phase, if the ureter appears completely normal during 
the nephrogram phase and the opacified ureter is 
normal during the excretory phase, the ureteral exami- 
nation should be interpreted as normal. 

Abnormalities detected on CTU in the ureter include 
masses, ureteral wall thickening, and abnormal 
enhancement. Focal areas of avid enhancement are 
suspicious for urothelial carcinoma and require further 
investigation, often by an urologist. Upper track masses 
greater than 5 mm are malignant 80% of the time. If the 
mass is larger than 5 mm and urine cytology is positive 


FIGURE 5-64 Polypoid urothelial carcinoma. Computed tomogra- 
phy urography viewed with bone windows and levels shows a polypoid 
filling defect (arrow) in an antidependent location, attached to the 
renal pelvic mucosa. This was proven to be a transitional cell 
carcinoma. 


or suspicious, the positive predictive value of cancer is 
92%. Masses smaller than 5 mm are usually not malig- 
nant and follow-up imaging or ureteroscopy is advisable 
for further evaluation. Urothelial thickening carries a 
risk of approximately 50% for malignancy. If thickening 
is present with positive or suspicious cytology, then the 
positive predictive value for malignancy increases to 
greater than 90%. 


Other Ureteral Lesions 


Other causes of filling defects in the ureter bear further 
comment. Ureteral blood clots generally arise from 
renal hemorrhage. Blood clots are often hyperdense 
compared with urine on noncontrast CT scans and they 
do not enhance with IV contrast injection. The filling 
defects caused by ureteral blood clots generally have an 
elongated shape because the blood forms a cast of the 
ureteral lumen (Fig. 5-65). Blood clots may lead to 
transient ureteral obstruction and symptoms typical of 
ureteral colic. However, the presence of urokinase in 
normal urine leads to clot lysis, usually within a matter 
of hours. Therefore the appearance of a blood clot 
changes with repeated examinations, and complete 
resolution often occurs within days of presentation. 

Patients, who are susceptible to papillary necrosis, 
particularly diabetic patients, sickle-cell patients, and 
abusers of analgesics, may slough a segment or an 
entire papilla into the urinary tract (Fig. 5-66). Typi- 
cally, a sloughed papilla is triangular, and its perimeter 
may calcify. The presence of a ureteral filling defect 
in association with calyceal changes of papillary necro- 
sis (Fig. 5-67) strongly suggests a sloughed papilla 
resulting from papillary necrosis. Papillary necrosis 
can also cause focal cavities communicating with 
calyces where necrotic material has been sloughed. On 
contrast studies, this causes contrast-filled outpouch- 
ings extending from calyces, described as a ball-on-tee 
appearance. 
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Ureteral blood clots] AJ Intravenous urography shows 
an elongated lucent filling defect (arrow) in the left ureter due to a 
blood clot in this patient with gross hematuria from a bleeding renal 
pseudoaneurysm. There is also a large round blood clot in the bladder 
lumen. B, Noncontrast computed tomography in a different patient 
who has hemophilia and gross hematuria shows high-attenuation 
blood clot (arrow) in the lower right ureter. 


Fungal debris or fungus balls can lead to filling defects 
in the calyces or ureter. Fungal debris has an appear- 
ance similar to that of blood clot [i.e., a cast of the 
calyces (Fig. 5-68) or ureter]. The filling defects caused 
by blood clots or fungal debris within calyces have often 
been described as the hand-in-slove appearance. Blood 
and fungal debris tend to conform to the shape of their 
surroundings, and a thin rim of contrast material in the 


IC 


Sloughed papilla. Bilateral retrograde pyelograms 
demonstrate multifocal papillary necrosis (arrows). A triangular 
radiolucent filling defect (arrowhead) is noted in the right renal 
pelvis. This appearance is typical of a sloughed papilla in the renal 
pelvis. 


calyces will outline this radiolucent material. Candida 
or Aspergillus cause most urinary fungal infections. 
These typically occur in immunocompromised or dia- 
betic patients. Once the diagnosis has been suggested, 
it can be confirmed with urine cultures. Infectious 
debris or frank pus has a similar appearance, mimicking 
blood or fungal debris. Clinical symptoms and urine 
cultures are essential for establishing the correct 
diagnosis. 

An air bubble is a well-known cause of a ureteral 
filling defect. These are most commonly seen as a 
normal variant in patients with urinary conduit diver- 
sions. Typically, ileal conduits allow ureteral reflux, and 
air bubbles can be refluxed into the ureter or renal col- 
lecting systems. In other cases, instrumentation or a 
fistula to the bowel or to the skin can introduce air 
bubbles. Finally, air bubbles can be introduced into the 
ureter or collecting system from a gas-producing infec- 
tion. These infections are typically seen in poorly con- 
trolled diabetics. The organisms responsible are strains 
of Escherichia coli, Proteus, Klebsiella, and some 
strains of fungus. Unlike emphysematous pyelonephri- 
tis, gas limited to the lumen of the ureter and renal 
collecting system is primarily treated nonsurgically 
(Fig. 5-69). This type of infection, termed emphysema- 
tous pyelitis, can generally be treated successfully with 
systemic antibiotics in conjunction with urinary decom- 
pression through either retrograde ureteral stenting or 
percutaneous nephrostomy drainage. 

Another cause of mucosa-based filling defects is ure- 
teral edema. Edema of the mucosa is usually caused by 
direct irritation, either by passage of a stone or by iat- 
rogenic insult to the ureter. Edema may lead to focal 
mucosal blisters with a bullous appearance, or may be 
somewhat striated, causing linear filling defects. 
Removal of the inciting factor, such as a stone or stent, 
usually results in resolution of the edema within several 
days or weeks. 

Leukoplakia is an uncommon urothelial lesion. This 
premalignant squamous metaplasia of the urothelium 
results from chronic irritation of the urinary lining. 
Leukoplakia most commonly involves the bladder but 
may involve the ureter or renal collecting system. Typi- 
cally, leukoplakia is associated with a history of uroli- 
thiasis, or chronic urinary tract infection, such as 
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A, Papillary necrosis. This intravenous urogram demonstrates another radiographic appearance 
of papillary necrosis. Here the peripheral margins of the papilla have necrosed and sloughed, leading to cavities 
at the papillary tips of the calyces. This causes elongation of the edges of the calyces, leading to a lobster-claw 


appearance. B, Computed tomography urography in a different patient shows focal contrast-filled outpouching 
(arrow) extending from a calyx, typical of papillary necrosis with al ball-on-tee |configuration. 


Computed tomography (CT) of fungal debris. CT 
urography shows low-density material (arrow) forming a cast of a 
calyx. This shape indicates soft pliable material, which is typically 
infectious debris, pus, or blood. This was sampled and found to be 
fungal infection and debris in this immunocompromised patient. 


schistosomiasis. When leukoplakia is discovered, squa- 
mous cell carcinoma of the urothelium usually coexists 
in an adjacent area of the urinary tract. 

Submucosal or mural lesions can also lead to filling 
defects within the ureter. Ureteritis cystica and pyelo- 
ureteritis cystica are rather common postinflammatory 
causes of filling defects in the urinary tract. They are 
always associated with chronic urinary tract infections. 
These sterile submucosal fluid collections are caused 
by intramural inflammation and lead to encystment 
and submucosal extension of transitional epithelium. 


Emphysematous pyelitis. Computed tomography 
shows gas bubbles (black arrows) in calyces in this patient with a 
gas-producing infection and an obstructing ureter stone (white 
arrow). There is extensive perirenal edema and hydronephrosis. 
There is no gas in the renal parenchyma excluding the diagnosis of 
emphysematous pyelonephritis. 


The lesions are typically multicentric, smooth, and 
round (Fig. 5-70). Intramural hemorrhage can have 
a similar appearance, but the patient’s history often 
suggests the correct diagnosis. These patients are 
typically receiving anticoagulant therapy or have a 
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Ureteritis cystica. The excretory phase of a computed 
tomography urography in a patient with an ileal urinary conduit and 
chronic urinary infections shows tiny nonenhancing low-attenuation 
filling defects (arrows) in both ureters typical of ureteritis cystica. 


coagulopathy. Hematuria usually accompanies intra- 
mural hemorrhage. 

Malacoplakia is a rare but often discussed intramural 
ureteral lesion that occurs secondary to chronic urinary 
tract infection. These plaquelike, intramural lesions are 
caused by buildup of defective macrophages. These 
benign lesions are not premalignant. The radiographic 
appearance of these submucosal lesions is nonspecific. 
Microscopic evaluation of the defective macrophages 
will reveal incompletely phagocytized E. coli. The intra- 
cellular inclusion bodies containing these bacteria are 
known as Michaelis-Gutmann bodies and are diagnos- 
tic of malacoplakia. Malacoplakia can involve the 
bladder, ureter, collecting system, and even the renal 
parenchyma. These lesions tend to regress spontane- 
ously after resolution of the inciting urinary tract infec- 
tion. Some authors have compared malacoplakia with 
a localized form, or forme fruste, of chronic granuloma- 
tous disease, another entity with defective macrophage 
phagocytosis. 

Endometriosis and schistosomiasis typically lead to 
strictures of the ureter rather than filling defects. 
However, both can invade the ureteral wall and lead to 
focal filling defects impinging on the ureteral lumen. 
Both entities tend to involve the pelvic ureter; schisto- 
somiasis involves the ureter adjacent to the bladder, 
and endometriosis involves the ureter adjacent to the 
uterotubal ligaments, several centimeters away from 
the bladder. Detection of an associated bladder abnor- 
mality should suggest schistosomiasis, and typical clini- 
cal findings of cyclical pelvic pain are generally present 
in patients with endometriosis involving the ureter. 

Finally, adjacent extrinsic processes may appear as 
a ureteral filling defect. Crossing vessels often cause 


Ureteral notching secondary to enlargement of ure- 
teral arteries. This intravenous urogram demonstrates multiple 
eccentric indentations on the upper ureter in a patient with severe 
left renal artery stenosis. These indentations are due to enlargement 
of ureteric vessels, which serve as collaterals to increase blood flow 
to the kidney. 


ureteral notching (Fig. 5-71) with multiple eccentric 
indentations on the ureteral lumen. These are most 
commonly secondary to enlargement of ureteric arter- 
ies and veins. These veins and arteries enlarge in 
patients with renal artery stenosis, hypervascular renal 
tumors such as renal cell carcinomas or arteriovenous 
malformations, or occlusive aortoiliae or venous dis- 
eases. Enlargement of gonadal veins can also lead to 
ureteral indentation. Testicular or ovarian vein varices, 
ovarian vein syndrome, or thrombophlebitis of the 
gonadal veins can lead to vascular impressions on the 
ureteral lumen. 


The ureter is the part of the urinary tract least com- 
monly injured when individuals experience external 
trauma. Ureteral and renal pelvic injuries account for 
less than 1% of all urologic traumas. Unlike other areas 
of the urinary tract, penetrating injury is the most 
common mechanism causing ureteral injury. Penetrat- 
ing injury can lacerate or transect the ureter at any site 
along its course. Findings indicative of ureteral lacera- 
tion are urinoma formation, contrast extravasation, and 
discontinuity of the ureter. 
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FIGURE 5-72 Ureteropelvic junction (UPJ) avulsion injury. A, Computed tomography urography shows a urinoma 
with leak of contrast-enhanced urine (arrow) into the perirenal fluid collection. There are normal calyces without 
hydronephrosis and there is normal urine excretion in the kidney. B, There is contrast leak (arrow) at the UPJ. No 
opacification below this level was present. These findings indicate avulsion of the ureter at the UPJ. 


More interesting than penetrating injury is ureteral 
injury as a result of acceleration or deceleration trauma. 
When ureteral injury results from this type of trauma, 
ureteral avulsion usually results. The most common site 
of disruption is the UPJ, followed by avulsion of the 
upper 4 cm of the ureter adjacent to, but below, the 
UPJ, then the proximal ureter, and finally the mid 
ureter. Interestingly, ureteral avulsion occurs approxi- 
mately three times more often in children than in 
adults. In addition, avulsion occurs three times more 
commonly on the right than on the left. Ureteral avul- 
sion appears to be caused by sudden hyperextension of 
the body due to sudden acceleration or deceleration. 
Hyperextension leads to sudden tension on the ureter 
causing a bowstring effect. This effect forces the col- 
lecting system to snap against the spine and this may 
cause ureteral avulsion. This mechanism of injury helps 
to explain the increased incidence of this type of injury 
in children. Owing to the increased flexibility of the 
child’s body, more severe degrees of hyperextension 
are possible in children than in adults. More severe 
hyperextension results in greater ureteral tension and 
avulsion. 

Diagnosing ureteral avulsion is relatively straightfor- 
ward when it is an isolated injury. However, other 
serious injuries often obscure the findings caused by 
avulsion. For instance, severe renal damage may lead 
to underexcretion of contrast material and a lack of 
urinoma formation. These abnormalities can delay the 
diagnosis of ureteral avulsion. The classic radiographic 
tetrad associated with ureteral avulsion includes the 
following: normal renal excretion of contrast material; 
normal-appearing calyces; contrast material extravasa- 
tion at the UPJ, or in another area of avulsion; and no 
visualization of the affected ureter below the level of 
extravasation (Fig. 5-72). Ureteral avulsion can be 
definitively diagnosed with selective retrograde pyelog- 
raphy when contrast material extravasation occurs and 
discontinuity of the ureter is evident. Ureteral avulsion 
may be incomplete, and in these cases, the ureter may 


heal if it is stented in a timely fashion. In conjunction 
with stenting, percutaneous urinoma drainage will 
encourage rapid healing and lessen the risk of ureteral 
cicatrization. Surgical repair is generally required for 
complete ureteral avulsion. One additional clinical 
point about ureteral avulsion is the fact that hematuria 
may be absent in up to 30% of patients with this type 
of injury. 
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Chapter 6 
The Lower Urinary Tract 


CHAPTER OUTLINE 


EMBRYOLOGY, ANATOMY, AND PHYSIOLOGY 
Embryology of the Bladder and Urethra Anatomy of 
the Bladder 
Anatomy of the Male Urethra 
Anatomy of the Female Urethra 
Anatomy of the Urethral Sphincters 
Physiology of the Lower Urinary Tract 
Accommodation 
Micturition 
DIAGNOSTIC EXAMINATIONS 


PATHOLOGIC CONDITIONS AFFECTING THE BLADDER 


Focal Mural Filling Defect 
Malignant Neoplasms of the Bladder 
Benign Neoplasms of the Bladder 
Diffuse Thickening of the Bladder Wall 
Trabeculation 
Cystitis 
Outpouching of the Bladder Wall 
Diverticula 
Cystocele 
Bladder Herniation 
Intravesical or Interstitial Air 
Enterovesical and Colovesical Fistulas 
Vesicovaginal Fistula 
Emphysematous Cystitis 
Calcification in the Bladder Wall or Lumen 
Bladder Stones 
Schistosomiasis 
Bladder Carcinoma 
Alkaline-Encrusted Cystitis 
Encrusted Ureteral Stent 
Miscellaneous 


The lower urinary tract consists of the bladder and the 
urethra. Diseases of the lower urinary tract are preva- 
lent and can be potentially debilitating from a medical 
and a social point of view. The bladder is the most 
common site of urinary tract infection in women of 
reproductive age. Symptoms referable to bladder-outlet 
obstruction are among the most common reasons why 
elderly men are examined by internists and urologists. 
Traumatic injury to the lower urinary tract or manage- 
ment of such an injury may lead to incontinence or 
impotence or both. Urinary incontinence may lead not 
only to skin breakdown and soft-tissue infection but 
also to social isolation. 

This chapter presents a practical review of the 
imaging of common diseases of the bladder and urethra. 
The chapter is divided into four sections. The first 
section reviews normal embryology, anatomy, and 
physiology of the lower urinary tract. The second 
section briefly reviews urodynamic tests and radiologic 
protocols used in imaging the bladder and urethra. The 
third and fourth sections discuss the pathologic 
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Extrinsic Compression or Displacement of the Bladder 
Pelvic Hematoma and Urinoma 
Bladder Diverticulum 
Pelvic Lipomatosis 
Inferior Vena Cava Obstruction 
Miscellaneous 
Bladder Rupture 
Neuromuscular Disorders 
Urachal Anomalies 
Urinary Diversions 
PATHOLOGIC CONDITIONS AFFECTING THE URETHRA 
Stricture of the Urethra 
Gonococcal and Nongonococcal Urethritis 
Tuberculous Urethritis 
Iatrogenic Stricture 
Trauma 
Neoplasm 
Complications of Urethral Stricture 
Traumatic Injury to the Urethra 
Posterior Urethra 
Anterior Urethra 
Filling Defects in the Urethra 
Urethral Stone Disease 
Carcinoma of the Female Urethra 
Carcinoma of the Male Urethra 
Benign Neoplasms 
Condylomata Acuminata 
Metastases to the Urethra 
Urethral Outpouching or Tract 
Acquired Urethral Diverticulum (Pseudodiverticulum) 
Urethral Fistula 
Cowper Duct and Gland 
Miillerian Remnants 


conditions that can affect the bladder and urethra, 
respectively. To the extent possible, this discussion is 
presented in a radiographic pattern-oriented approach 
(Boxes 6-1 and 6-2). The diseases of the lower urinary 
tract are presented in a manner that reflects the way 
practicing radiologists confront disease, that is, as one 
or more radiographic signs. 


= EMBRYOLOGY, ANATOMY, 
AND PHYSIOLOGY 


Embryology of the Bladder and Urethra 


During weeks 4 to 7 of gestation, the cloaca is divided 
into an anterior urogenital sinus and a posterior ano- 
rectal canal by the urorectal septum, which grows 
toward and fuses with the cloacal membrane. At this 
stage, the urogenital sinus can be divided into the 
bladder proper, a urethral part, and a phallic part. The 
bladder is continuous with the allantois through 
the urachus, which is the tapered, cephalad portion of 
the urogenital sinus. When the lumen of the urachus is 
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BOX 6-1 Radiographic Signs of Bladder Disease 


Intravesical filling defect or focal mural thickening 
Diffuse thickening of the bladder wall 

Outpouching from the bladder 

Air in the bladder lumen or wall 

Calcification in the bladder lumen or wall 

Extrinsic compression or displacement of the bladder 
Trauma to the bladder 

Neuromuscular disease 


BOX 6-2 Radiographic Signs of Urethral Disease 


Stricture 

Filling defects 
Outpouchings and tracts 
Extravasation 


obliterated, a fibrous cord, or the median umbilical liga- 
ment, connects the bladder to the umbilicus. The ure- 
thral part of the urogenital sinus gives rise to most of 
the female urethra and to the prostatic and membra- 
nous portions of the male urethra. The prostate gland 
and the female urethral and paraurethral glands develop 
as evaginations from the urethral part of the urogenital 
sinus. The phallic part of the urogenital sinus eventu- 
ally forms the penile urethra in males and a small 
portion of the urethra and vestibule in females. 

The mesonephriec ducts and ureteric buds develop 
separate connections with the urogenital sinus through 
progressive resorption of the caudal segment of the 
mesonephric duct. During this process, the openings of 
these two ductal systems switch craniocaudally so that 
the ureters enter more cranially than do the mesoneph- 
ric ducts. The mucosa of the bladder formed by incor- 
poration of these ducts becomes the trigone. 


Anatomy of the Bladder 


The surface anatomy of the urinary bladder consists of 
an apex, a superior surface, two inferolateral surfaces, 
a base or posterior surface, and a neck. The apex of the 
bladder ends as the median umbilical ligament (obliter- 
ated remnant of the urachus). The superior surface of 
the bladder is the only surface that is covered by the 
peritoneum. This is important to remember when char- 
acterizing bladder injuries, discussed later in the 
chapter. The base of the bladder contains the trigone 
and the internal urethral orifice. The internal urethral 
orifice pierces the bladder neck. 

The constituents of the bladder wall from lumen 
outward are the mucosa (composed of transitional epi- 
thelium or urothelium), the submucosa or lamina 
propria, the muscular layer, and the serosa or adven- 
titia. The normal urothelium rarely is more than seven 
to eight cell layers thick and has the capacity to change 
shape and alignment to accommodate extremes of 
bladder volume. The bladder wall often is described as 
having three muscular layers, but this description is 
true only around the bladder neck. As a functional unit, 
the muscular layers of the bladder wall are referred to 


BOX 6-3 Normal Male Urethra 


POSTERIOR URETHRA 


Prostatic 
Verumontanum 
Membranous 
External urethral sphincter 
Cowper glands (within the urogenital diaphragm) 


ANTERIOR URETHRA 
Bulbar 
Cowper ducts 
Penile (pendulous) 
Glands of Littré 


as the detrusor muscle. The outermost layer of the 
superior surface of the bladder is serosa (pelvic perito- 
neum). The outer surface of the remainder of the 
bladder is covered by the adventitia, or connective 
tissue. The trigone of the bladder, located immediately 
above and behind the internal urethral orifice, is the 
functional and anatomic bridge between the ureters 
and the urethra. It consists of deep and superficial 
smooth muscle layers. The superficial smooth muscle 
layer is continuous with the intravesical portion of the 
distal ureters and with the smooth muscle melds in the 
proximal urethra. The deep trigonal smooth muscle 
melds with the detrusor muscle. The trigone consists of 
three angles, namely, two posterolateral angles formed 
by the ureteric orifices and an anteroinferior angle 
formed by the internal urethral orifice. 

The arterial supply of the bladder derives mainly 
from the superior and inferior vesical arteries. These 
arteries typically arise as branches from the anterior 
division of the internal iliac (hypogastric) artery. The 
richly vascularized bladder also receives small arteries 
from the obturator, inferior gluteal, uterine, and vaginal 
arteries. In the space between the bladder and the 
adventitia lies a plexus of veins that ultimately join and 
terminate as the internal iliac vein. This perivesical 
venous plexus has anastomoses with the Santorini 
plexus, which drains the penis, prostate, and other peri- 
neal organs. Interstitial vesical lymphatics drain into 
the external iliac, internal iliac, and common iliac 
lymph node chains. Keep this in mind when assessing 
for lymphatic spread of disease in a patient with inva- 
sive bladder cancer. 


Anatomy of the Male Urethra 


The male urethra is approximately 20 cm in length and 
can be discussed in terms of its posterior and anterior 
portions (Box 6-3; Figs. 6-1 and 6-2). The posterior 
urethra extends from the bladder neck to the urogenital 
diaphragm and is subdivided into the prostatic and 
membranous parts. The prostatic urethra is approxi- 
mately 3 cm in length and traverses the transitional 
zone of the prostate gland. The verumontanum, or col- 
liculus seminalis, is a mound of tissue that interrupts 
the otherwise flat posterior wall of the prostatic urethra. 
The glands of the prostate empty into the prostatic 
urethra through small lacunae on each side of the 
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FIGURE 6-1 Normal male urethra. The posterior male urethra extends from the neck of the bladder (B) to the urogenital diaphragm (short 
black arrow) and consists of the prostatic urethra (p) and the membranous urethra, which traverses the urogenital diaphragm. The anterior 
urethra extends from the urogenital diaphragm to the external meatus. Cowper glands are embedded in the urogenital diaphragm, and Cowper 
ducts (open arrow) empty into the proximal bulbous urethra (b), the widest part of the anterior urethra. At, and distal to, the level of the 
penoscrotal junction (long arrow) is the penile or pendulous urethra (pe). 


verumontanum. At the distal end of the verumontanum 
is the remnant of the miillerian duct system, the pros- 
tatic utricle. Adjacent to the utricle are the paired open- 
ings of the ejaculatory ducts. The membranous urethra 
is the shortest, least distensible, and narrowest part of 
the male urethra. The muscular wall of the membra- 
nous urethra consists of a thin inner layer of nonstri- 
ated muscle and a more prominent outer layer of 
circularly oriented striated muscle, the external ure- 
thral sphincter. 

The male anterior urethra extends through the 
corpus spongiosum from the urogenital diaphragm to 
the external meatus. The proximal part of the anterior 
urethra is the widest portion of the urethra and is 
referred to as the bulbar (or bulbous) portion of the 
urethra. The bulb of the penis and bulbospongiosus 
muscle surrounds this portion of the penile urethra. 
The Cowper glands are a pair of structures, one located 
on each side of the membranous urethra between the 
two fascial layers of the urogenital diaphragm. The 
paired ducts of these glands are approximately 2 to 
3 cm in length and extend forward and slightly medially 
to enter the proximal bulbar urethra. Cowper glands are 
developmentally homologous to Bartholin glands in 


females. During ejaculation, they discharge a clear fluid 
that acts as a lubricant and contributes to semen coagu- 
lation. At the level of the penoscrotal junction and 
distal to it, the anterior urethra is referred to as the 
penile or pendulous urethra. A focal widening of the 
penile urethra, the fossa navicularis, is normally found 
just proximal to the meatus. The mucosa of the penile 
urethra is pierced by numerous recesses that branch 
into tubular mucus secreting Littré glands (or periure- 
thral glands). 

The epithelial lining of most of the prostatic urethra 
is composed of transitional cells, but it changes from 
urothelium to stratified columnar epithelium just distal 
to the opening of the ejaculatory ducts. Stratified 
columnar epithelium lines the membranous urethra, 
the bulbar urethra, and the majority of the penile 
urethra. The epithelium of the fossa navicularis is strat- 
ified squamous epithelium and is keratinized at the 
external meatus. 


Anatomy of the Female Urethra 


The female urethra is approximately 4 cm in length and 
extends from the bladder outlet to the perineum 
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FIGURE 6-2 Dynamic retrograde urethrogram of the normal male 
urethra. The verumontanum appears as a normal filling defect 
(curved arrow) in the prostatic urethra. The membranous urethra 
(open arrow) is narrow and marks the site of the external urethral 
sphincter. The anterior urethra consists of the bulbous (b) and penile 
or pendulous (pe) urethra. Long arrow shows the penoscrotal angle. 
Note that imaging is performed with oblique positioning to prevent 
overlap of urethral segments. B, Urinary bladder. 


FIGURE 6-3 Normal female urethra on voiding cystourethrogram. 
The normal female urethra (arrow) gradually narrows from the 
bladder neck to the external orifice. 


adjacent to the anterior wall of the vagina. The female 
urethra is widest at the bladder neck, and the most 
distal aspect of the urethra near the meatus is its nar- 
rowest and least distensible portion. This natural nar- 
rowing creates the spinning-top configuration of the 
urethra, a normal finding on voiding cystourethrogra- 
phy (Fig. 6-3). Small periurethral glands (Skene glands) 
open along the entire length of the urethra. Groups of 
these glands drain into paired ducts, the paraurethral 
(or Skene) ducts, which empty at the lateral margin of 
the external urethral meatus. 

The epithelial lining of the proximal third of the 
female urethra is urothelium, whereas that of the distal 
two thirds is stratified squamous epithelium. Stratified 
columnar epithelium lines the periurethral Skene 
glands. 


Anatomy of the Urethral Sphincters 


The urethral sphincters are specialized configurations 
of muscle that act in synergy with the detrusor muscle 
to ensure smooth, voluntary expulsion of urine. The 
inner longitudinal and outer semicircular smooth 
muscles of the bladder neck surround the entire length 
of the female urethra and the male posterior urethra. 
This long muscular sleeve serves as the sphincteric 
mechanism known as the internal urethral sphincter 
(smooth sphincter or bladder-neck sphincter). The 
external urethral sphincter is composed of striated 
muscle and is located at the midurethra in women and 
at the membranous urethra in men. 


Physiology of the Lower Urinary Tract 


The lower urinary tract has the following two main 
functions: the storage of urine (bladder filling or accom- 
modation) and the volitional expulsion of urine (mictu- 
rition). The neural modulation of accommodation and 
micturition is complex, integrating the central and the 
peripheral nervous systems and the autonomic and 
somatic nerves. 


Accommodation 


Somatic and alpha-adrenergic efferent neural activities 
control contraction of the external and internal ure- 
thral sphincters, respectively, thereby increasing intra- 
urethral pressure. Continent intraurethral pressure is 
also maintained by intraabdominal pressure and ade- 
quate thickness and coaptation of the urethral mucosa. 
Active closure of the bladder outlet occurs with simul- 
taneous inhibition of parasympathetic neural discharge 
to the bladder body and base, relaxing the detrusor 
muscle to facilitate bladder accommodation. 


Micturition 

The first step in micturition involves the inhibition of 
pudendal nerve efferent activity in the external urethral 
sphincter and inhibition of sympathetic input to the 
internal (smooth) urethral sphincter. Bladder-outlet 
resistance decreases, initiating the coordinated con- 
traction of the detrusor muscle by the activity of the 
efferent parasympathetic pelvic nerve. Expulsion of 
urine is then driven by the pressure gradient between 
detrusor muscle and bladder outlet. 


== DIAGNOSTIC EXAMINATIONS 


There are two types of diagnostic examinations that are 
used to investigate disease of the lower urinary tract, 
namely, those that primarily evaluate structure and 
those that evaluate function. Although this division is 
arbitrary for some examinations, such as Whitaker ure- 
teral perfusion test that assesses both structure and 
function of the upper urinary tract, the majority of 
diagnostic tests can be categorized accordingly. Imaging 
studies such as intravenous urography (IVU), cystogra- 
phy, retrograde pyelography, dynamic retrograde ure- 
thrography, sonography, computed tomography (CT), 
and magnetic resonance imaging (MRI) directly evalu- 
ate the anatomy of the lower urinary tract. The 
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indications for and methodology of these examinations 
are discussed in Chapter 1. 

Many of the medical imaging tests assess only patho- 
physiology of the lower urinary tract and do so in a 
nonspecific manner. For instance, the cystographic 
phase of the IVU is frequently used to assess the func- 
tions of the detrusor muscle, but its shortcomings in 
this regard are notable. Evaluation of bladder function 
based on estimations of the postvoid residual volume is 
crude and may be misleading. Methodologically, an esti- 
mation of the volume of a spherical structure based on 
a single view clearly is flawed, particularly given the 
marked variations in bladder configuration. Estimates 
of prevoid and postvoid urinary bladder volume with 
ultrasonography are more appropriate because images 
can be readily obtained in multiple planes, facilitating 
more precise volume calculation. The absence of a sig- 
nificant postvoid residual does not necessarily exclude 
significant bladder-outlet obstruction because hyper- 
trophy of the detrusor may be sufficient to compensate 
for the increased outflow resistance. Furthermore, the 
presence of a postvoid residual does not always indicate 
an inability to empty the bladder. The longer the delay 
between voiding and the postvoiding images, the greater 
the likelihood that the bladder will be filled by urine 
from the upper tract. 

One method of directly evaluating bladder and lower 
urinary tract sphincter function is urodynamic testing. 
Urodynamic tests are a group of clinical examinations 
designed to measure and record physiologic parameters 
during bladder filling (accommodation) and emptying 
(micturition). The purpose of urodynamic testing is to 
assess these parameters when the patient is experienc- 
ing symptoms of lower urinary tract dysfunction (e.g., 
urgency, incontinence, slow stream). Cystometry is the 
measurement of intravesical pressure as it relates to 
bladder volume during the filling or storage phase. It 
can be used to assess bladder capacity, compliance, 
sensation, and the presence of involuntary bladder 
contractions. Uroflowmetry measures the rate of urine 
flow during micturition as a function of time. A poor 
flow rate may result from either a weak bladder con- 
traction or bladder-outlet obstruction. Pressure/flow 
studies combine uroflowmetry and cystometry. A 
diminished rate of urinary flow in a patient with ade- 
quate detrusor muscle pressure suggests that elevated 
bladder outflow resistance is the cause for poor urine 
flow. If diminished flow rates result from detrusor 
muscle inadequacy, contractions of the detrusor may 
be weak or poorly sustained. A urethral pressure profile 
is obtained by slowly withdrawing a transducer through 
the urethra during micturition urethrography. In 
healthy individuals, the recorded pressure within the 
bladder and proximal urethra is the same during 
micturition, but there is a drop in pressure at the level 
of the membranous urethra. The myoneural integrity 
of the striated urethral sphincter can be tested by 
positioning a concentric electrode in the periurethral 
striated sphincter to record the sphincter electromyo- 
gram. During normal micturition, electrical activity in 
the striated sphincter completely disappears approxi- 
mately 1 second before the onset of voluntary detrusor 
contraction. Dyssynergia can be assessed by simultane- 


ously measuring bladder pressure and striated sphinc- 
ter electromyographic activity. 


== PATHOLOGIC CONDITIONS AFFECTING 
THE BLADDER 


Focal Mural Filling Defect 


Malignant Neoplasms of the Bladder 


When a focal filling defect arising from the bladder wall 
is discovered on an imaging study (Box 6-4), the workup 
is directed to exclude neoplasms (Table 6-1 and Box 
6-5). Malignant neoplasms of the bladder account for 
4% of all malignancies. The incidence of bladder cancer 
peaks in individuals between 50 and 69 years of age, 
and the disease occurs more often in men than in 
women (3:1 ratio). 

Malignant neoplasms of the bladder can be grouped 
broadly into the following two categories: (1) the car- 
cinomas or epithelial neoplasms and (2) the mesen- 
chymal or nonepithelial neoplasms. Approximately 95% 
of all malignant bladder cancers are carcinomas, with 
the vast majority of these being urothelial carcinomas 


BOX 6-4 Focal Filling Defect of the Bladder Wall 


COMMON 

Neoplasm (malignant) 

Stone with or without mural edema 
Blood clot 

Enlarged prostate gland 


UNCOMMON 
Focal cystitis* 
Ureterocele 
Neoplasm (benign) 
Endometriosis 
Fungus ball 


*Herald lesion, bullous cystitis, cystitis cystica and glandularis, and 
malacoplakia. 


BOX 6-5 Carcinoma of the Bladder* 


Most common cancer in the urinary tract 

90% are urothelial carcinoma 

75% Noninvasive (superficial) papillary lesions; 

25% muscle invasive 

Noninvasive cancers recur, and 15% progress to become 
invasive 

Upper tract metachronous tumors in 2% to 3% of cases 

Etiologies: chemical carcinogens (acrolein, aromatic amines, 
nitrosamines) and cigarette smoking 


* Carcinomas make up 95% of all malignant bladder cancers 


TABLE 6-1 Bladder Neoplasms 


Type Common Uncommon 


Urothelial carcinoma 
(formerly known as 
transitional cell 


Malignant Squamous cell 
carcinoma 


Adenocarcinoma 


carcinoma) Small cell carcinoma 
Benign Leiomyoma Hemangioma 
Fibroepithelial polyp Pheochromocytoma 
Adenoma 


The Lower Urinary Tract 195 


(formerly known as transitional cell carcinomas). 
Epithelial cancers of the bladder can be characterized 
by pattern of growth, by malignant cell type, and by 
the degree of cellular differentiation (i.e., tumor 
grade). Bladder tumors can be either papillary, sessile, 
or invasive in growth pattern. As a general rule, pap- 
illary tumors are less likely than invasive or sessile 
neoplasms to metastasize, although papillary tumors 
have the troublesome tendencies to be multifocal and 
to recur after initial management. Epithelial bladder 
malignancies are also classified by cell type and include 
urothelial carcinomas, squamous cell carcinomas 
(SCC), adenocarcinomas, and small cell carcinomas. 
In the United States 90% of all malignant tumors of the 
bladder originate from the urothelium; other tumors 
include squamous cell tumors (1% to 2%), adenocar- 
cinomas (1%), and small cell (neuroendocrine) carci- 
nomas (<1%). Of particular note is the fact that SCC 
accounts for a large percentage of bladder malignan- 
cies (up to 50%) in regions of the world where schis- 
tosomiasis is endemic. Nonepithelial neoplasms make 
up the remainder of malignant bladder neoplasms and 
include sarcomas and lymphoma, as well as other rare 
entities. Leiomyosarcoma is the most common non- 
epithelial malignancy of the urinary bladder in adults. 
Rhabdomyosarcoma of the bladder is more common 
in children aged 2 to 6. Malignant tumors originat- 
ing from neighboring or distant organs can involve the 
bladder wall secondarily. Carcinoma of the prostate 
may infiltrate along the posterior urethra or bladder 
neck or through the trigone. Cancer of the cervix or 
uterus involves the posterior wall of the bladder in 
the midline, whereas invasion from a malignancy of 
the sigmoid colon or rectum tends to involve the left 
lateral bladder wall. Metastatic disease to the bladder 
from a distant primary cancer is rare; however, 
it can occur with cancers of the stomach, breast, 
or lung. 

Several risk factors have been implicated in the 
development of bladder cancer. Exposure to industrial 


carcinogens, cigarette smoking, and abuse of analgesics 
are associated with an increased risk of urothelial 
cancer of the urinary tract. Pelvic irradiation for gyne- 
cologic malignancies also may be associated with a 
higher risk of bladder cancer. An association exists 
between schistosomiasis of the urinary tract and squa- 
mous cell cancer of the bladder; approximately 50% of 
the malignant tumors associated with schistosomiasis 
are of this cell type. Chronic irritation and infection of 
the bladder associated with neurogenic bladder, long- 
term catheter drainage, bladder calculi, or recurrent 
cystitis also result in an increased incidence of squa- 
mous metaplasia and cancer. Urothelial atypia or dys- 
plasia is considered to be a premalignant condition, and 
some types of metaplastic and proliferative cystitis 
(cystitis glandularis) are considered precursors of 
cancer. Primary adenocarcinoma of the bladder occurs 
with greater frequency in urachal remnants and bladder 
exstrophy; however, it is less common than metastatic 
adenocarcinoma to the urinary bladder. 

Tumor stage, as ascertained before management, is 
the most important prognostic factor in patients with 
bladder cancer. The depth of invasion through the 
bladder wall is an excellent predictor of recurrence, 
metastatic disease, and survival. A comparison of 
the Jewett-Strong-Marshall and tumor-node-metastasis 
(TNM) staging systems is presented in Table 6-2. Of 
these, the TNM staging algorithm is considered the gold 
standard and is the most widely used in clinical prac- 
tice. Carcinoma in situ (CIS), also known as flat tumor 
or noninvasive flat carcinoma, is neoplastic trans- 
formation of the epithelium without extension into 
the bladder lumen or through the basement membrane 
into the lamina propria. Noninvasive, or non-muscle- 
invasive, urothelial carcinoma (also referred to as 
superficial urothelial carcinoma) consists of papillary 
neoplasms that are confined to the mucosa or extend 
into the lamina propria but do not invade the muscular 
layer. Approximately 50% of patients with non-muscle- 
invasive papillary carcinoma (stage T, or Tı) and 90% 


TABLE 6-2 Carcinoma of the Urinary Bladder: Jewett-Strong-Marshall and TNM Staging Systems 


Jewett-Strong-Marshall Stage TNM Stage Description 
ie Carcinoma in situ (flat tumor) 
0 Th Papillary tumor, noninvasive (lamina propria intact) 
Ti Papillary tumor, lamina propria invasion 
B1 ia Invades superficial muscularis propria (inner half) 
B2 To, Invades deep muscularis propria (outer half) 
Cc Th, Microscopic perivesical fat invasion 
Cc Tsp Macroscopic perivesical fat invasion (extravesical mass) 
0} Wap Invasion of contiguous viscera (prostatic stroma, uterus, vagina) i.e extravesical 
Cc re, Invasion of pelvic or abdominal wall i.e extravesical 
D1 N,-N3 Regional lymphadenopathy (pelvic lymph nodes) 
N; = single regional lymph node metastasis in true pelvis (hypogastric, obturator, 
external iliac, and presacral) 
N- = multiple regional lymph node metastases in true pelvis 
N; = lymph node metastasis to common iliac lymph nodes 
D2 M, Distant metastases 


TNM, Tumor node metastasis. 
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with CIS (stage Ts) have recurrences within 2 years 
after initial treatment. However, recurrences usually 
can be controlled with transurethral bladder resection, 
and muscle-invasive tumors (stage T or higher) develop 
in only 10% to 15% of patients. Patients with muscle- 
invasive tumors have a poor prognosis. When the tumor 
has infiltrated the bladder muscularis at initial presen- 
tation, lymphatic and distant spread often follows. The 
5-year survival rates reflect the importance of depth of 
invasion: for non-muscle-invasive tumors, 30% to 80% 
of patients survive 5 years, whereas for deep muscle- 
invasive tumors, the 5-year survival rate is 10% to 20%. 
Distant metastases to the lungs and mediastinum, liver, 
and bone are as common as local recurrence in treat- 
ment failures among patients with muscle-invasive 
tumors. 

Like prognosis, management of urinary bladder car- 
cinoma is determined by depth of neoplastic invasion 
of the bladder wall and by extent of local and distant 
metastases. Non-muscle-invasive bladder cancers (stage 
Tis Ta, or T,) are managed with local fulguration. Muscle- 
invasive tumors (T2) and tumors invading perivesical 
fat (T3) are managed with total cystectomy, and if local 
or distant metastases are extensive, palliative radiation 
or chemotherapy is offered. 

Plain abdominal radiography is of little value in the 
detection of bladder cancer but it may reveal focal cal- 
cification associated with a papillary bladder tumor in 
0.7% to 6.7% of patients. 

IVU may be performed when bladder carcinoma is 
suspected. Its ability to demonstrate small bladder 
tumors is limited, but it may be useful to detect syn- 
chronous upper tract urothelial neoplasms. 

CT urography has replaced IVU at most institutions, 
in part because of its widespread availability and its 
increased ability to stage urothelial tumors (assess for 
adenopathy and metastatic disease). Standard and 
voiding cystography and the cystographic phase of IVU 
are notoriously insensitive for the detection of bladder 
tumors. In one study, only 60% of known bladder tumors 
were detected with standard urography. CT urography, 
however, has shown sensitivity of up to 79% for bladder 
cancer detection. 

Although MRI can be performed in the evaluation of 
patients with known or suspected urothelial tumors, its 
sensitivity for detection of urothelial neoplasms has not 
been established. One advantage of MRI is that it does 
not use ionizing radiation, and therefore may be desir- 
able in imaging certain patient populations, such as 
pregnant women or children. Compared with CT, MRI 
has lower spatial resolution, but its higher soft-tissue 
contrast resolution may be helpful in the local staging 
of bladder cancer. 

Given the limitations of the available imaging modal- 
ities for the detection of bladder tumors, cystoscopy 
remains the gold standard for evaluation of the urinary 
bladder. Cystoscopy has been shown to have 95% sen- 
sitivity and 93% specificity for the detection of bladder 
cancer. Cystoscopy also has the advantage of allowing 
concurrent biopsy and resection of bladder tumors. 
Current imaging modalities, especially CT and MRI, 
have a more important and defined role in the assess- 
ment of the upper urinary tract. 
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FIGURE 6-4 Intravenous urogram during the cystographic phase 
demonstrates a large, polypoid intraluminal mass along the lateral 
wall of the bladder. At surgery, a noninvasive (superficial) papillary 
urothelial carcinoma was removed. 


When bladder cancers are visible on conventional 
urography, an irregular, polypoid or sessile filling defect 
is seen most often (Fig. 6-4). Early and postvoid films 
of the bladder are helpful. The bladder trigone and 
posterolateral bladder walls are the most frequent sites 
of origin of urothelial cancers; only 2% of bladder car- 
cinomas originate in bladder diverticula. Mural infiltra- 
tion leads to bladder wall thickening and poor 
distensibility. The presence of ureterovesical junction 
obstruction and hydroureter usually implies muscle 
invasion by the neoplasm (Fig. 6-5). Detection of mul- 
tifocal disease of the upper urinary tract, and hydrone- 
phrosis secondary to obstruction of a ureteral orifice 
are additional reasons for performing urography (Fis. 
6-6). Synchronous and metachronous upper tract 
tumors are discovered with approximately 2% and 4% 
of primary bladder carcinomas, respectively (Figs. 6-6 
and 6-7). Patients with synchronous or metachronous 
upper tract disease have a higher prevalence of multifo- 
cal and recurrent bladder cancer. 

Sonography is occasionally used to evaluate lesions 
of the bladder wall and lumen. Meticulous technique 
and adequate bladder distention are essential for 
optimal transabdominal sonography. The location and 
size of the tumor have the greatest impact on detection 
with sonography. Tumors greater than 1 cm and distant 
from the bladder-neck area are easier to image and have 
a relatively higher rate of detection, approaching 85% 
(Fig. 6-8). Papillary tumors are also more likely to be 
detected than flat tumors. Tumors greater than 3 cm in 
diameter or those with associated calcification more 
often are overstaged. Sonography is limited in its ability 
to depict extension of disease beyond the bladder wall 
and usually cannot detect nodal metastases. Wall 
edema, prominent mural folds, inflammation, muscular 
hypertrophy, blood clots, and postoperative changes 
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FIGURE 6-5 Muscle-invasive bladder cancer on intravenous urogram 
(IVU) and computed tomography (CT). A broad, sessile filling 
defect with a lobulated margin is seen along the lateral wall of the 
bladder on this IVU. There is asymmetric dilatation of the left ureter. 
B, CT demonstrates that the bladder cancer originates at the left 
ureterovesical junction (UVJ) and is of slightly lower attenuation than 
the normal bladder wall. Obstruction of the ureter at the UVJ implies 
muscle invasion by the tumor. (Case courtesy Mark S. Ridlen, M.D.) 


can further reduce the specificity of ultrasound exami- 
nation for the detection and staging of bladder malig- 
nancies (Fig. 6-9). 

CT and MRI are the imaging modalities of choice for 
the [staging ]of bladder neoplasms. Bladder tumors may 
appear as a papillary mass projecting into the lumen of 
the bladder (Fig. 6-10), a sessile mass or focal area of 
mural thickening, or as an infiltrative mass that may 
extend into the perivesical fat or invade adjacent pelvic 
viscera. Although CT has up to 79% overall sensitivity 
for the detection of primary bladder tumors, identifica- 
tion of the primary lesion is more difficult in the bladder 
neck and dome. Another limitation of CT is that inflam- 
matory, postoperative, or postradiation edema or fibro- 
sis cannot be reliably distinguished from tumor (Fig. 
6-11). In addition, accurate assessment of the depth of 
invasion of the bladder wall by tumor is limited with 
CT (Fig. 6-12). Most published reports suggest that 


accurate staging of tumors confined to the bladder wall 
is not feasible with CT 
Although microscopic invasion of the perivesical fat 
(stage T34) is impossible to detect on imaging, in many 
institutions microscopic perivesical fat invasion with no 
other pelvic viscera involvement is managed with 
radical cystectomy and lymph node dissection, as if it 
weretage Taflisease On imaging, increased attenua- 
tion of the perivesical fat (perivesical fat stranding) 
adjacent to a tumor may be reactive or inflammatory 
in etiology rather than representing extravesical exten- 
sion of tumor. An overlap between stages T> and T3, 
therefore seems to be unavoidable. Stage Tə disease 
is sometimes overstaged, and stage T; is sometimes 
understaged (see Fig. 6-8). The imaging diagnosis of 
tage T fesease can be made more accurately when 
direct extension of a bladder tumor into the perivesical 
fat or obliteration of the fat planes between the bladder 
and the pelvic viscera is present, or when extravesical 
nodularity or an extravesical mass is identified adjacent 
to a bladder tumor (Fig. 6-13). In general, the overall 
accuracy of CT for bladder cancer staging ranges 
between 40% and 90%, with a mean accuracy of 75%. 

Identification of tumor infiltration of lymph nodes 
relies primarily on lymph node size (Fig. 6-14), and 
therefore the accuracy of CT for erecta O, 
tases varies from 50% to 90%. Size thresholds above 
which tumor involvement is suggested are a maximum 
length of 13 mm and a maximum short-axis diameter 
of 10 mm. Enlargement of a node, however, does not 
equate to metastasis, and, conversely, normal-sized 
nodes may harbor metastatic disease. Positron emis- 
sion tomography-CT (PET-CT) may be helpful in staging 
bladder cancer because it has been shown to have 
76.9% sensitivity and 97.1% specificity for detection of 
nodal disease in untreated patients with metastatic uro- 
thelial carcinoma. Percutaneous fine-needle biopsy of 
enlarged or borderline nodes may be necessary for 
more accurate nodal staging. 

MRI circumvents several of the limitations associ- 
ated with CT and has been shown to have higher accu- 
racy for staging of bladder cancer than CT. This is 
largely due to the higher soft-tissue contrast resolution 
of MRI that allows for visualization of the different 
layers of the bladder wall. On T2-weighted images, the 
muscularis propria is seen as a hypointense band of 
tissue in the bladder wall. Although it may be difficult 
to assess the depth of muscle invasion accurately 
(superficial vs. deep invasion of the muscularis propria), 
MRI is able to differentiate noninvasive tumors con- 
fined to the mucosa or lamina propria from muscle- 
invasive tumors (Fig. 6-15), as well as differentiate 
tumors confined to the bladder from those with 
extravesical extension (Fig. 6-16) with a high level 
of accuracy. One study reported the staging accuracy 
for differentiating noninvasive from muscle-invasive 
disease, and organ-confined from non-organ-confined 
disease to be 85% and 82%, respectively. Other studies 
have reported even higher accuracies. Muscle-invasive 
tumors can be diagnosed by transurethral biopsy; 
however, cystoscopy and biopsy are not able to assess 
for the presence of extravesical disease. The presence 
of muscle invasion and extravesical extension of disease 
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FIGURE 6-6 Synchronous urothelial carcinoma of the upper and lower urinary tracts. The anteroposterior 
film from a urogram shows a large, lobulated filling defect in the bladder (arrow). There was no opacification of 
either the right kidney or ureter during this examination. B, Transverse sonogram of the right kidney demonstrates 
echogenic masses in the markedly dilated renal pelvis (solid arrow) and in multiple dilated calyces (open arrows). 
C, Antegrade pyelography shows multiple irregular filling defects in the dilated renal collecting system. There was 
complete obstruction of the kidney at the ureteropelvic junction. Multifocal urothelial carcinoma was diagnosed at 
nephroureterectomy. 


are two of the most important factors in determining 
prognosis and guiding management of bladder cancer. 

MRI of the bladder is typically performed with a 
phased-array pelvic coil. While the use of an endorectal 
coil may provide excellent images of the bladder base 
and neck with high signal-to-noise ratio, this is not 
routinely performed at most institutions. Unenhanced 
T2-weighted fast-spin-echo images often display the 
bladder wall with clarity, resulting from contrast 


between the urine-filled lumen and the soft tissues of 
the bladder wall Ge) In addition, the striking 
contrast between the high-signal-intensity perivesical 
fat and the intermediate-signal-intensity bladder wall 
permits evaluation of the bladder contour on conven- 
tional T1-weighted spin-echo images On 
unenhanced T1-weighted images, most bladder neo- 
plasms are of equal or slightly higher signal intensity 
than the bladder wall and of lower signal intensity than 
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FIGURE 6-7 Synchronous urothelial carcinoma of the upper and lower urinary tract on computed tomography (CT). A, 
Axial CT image in the excretory phase of a CT urogram shows a polypoid mass (arrow) arising from the left posterior 
bladder wall. B, On a coronal reformatted image, a filling defect (arrow) is present in the proximal right ureter. 


Synchronous urothelial carcinoma was confirmed at surgery. 


FIGURE 6-8 Transverse color Doppler ultrasound image in a patient 
on chronic immunosuppression after cardiac transplantation shows 
a papillary mass with internal blood flow arising from the left poste- 
rior bladder wall. High-grade papillary urothelial carcinoma was diag- 
nosed at transurethral resection. 


the perivesical fat (see Fig. 6-17). On T2-weighted 
images, bladder neoplasms are typically of higher signal 
intensity than the normal bladder wall, and are of lower 
signal intensity than the perivesical fat and urine-filled 
bladder (Fig. 6-18). Although accurate evaluation of the 
depth of muscle invasion (invasion of the inner half vs. 
outer half of the muscular layer) is limited with current 
techniques, deep muscle invasion may be seen as focal 
or more extensive disruption of the low-signal intensity 
of the bladder wall by tumor on T2-weighted images. 
Extension into the perivesical fat appears as focal or 
extensive infiltration of the high-signal-intensity fat 
(Figs. 6-16 and 6-19). Likewise, invasion of adjacent 
structures by tumor can be assessed by demonstrating 


FIGURE 6-9 Ureterovesical junction (UVJ) edema secondary to cal- 
culus. In an adult with painless hematuria, an ill-defined filling defect 
and mild dilatation of the right ureter were noted on intravenous 
urography (not shown). Transverse ultrasound image of the bladder 
demonstrates mural edema that mimics a focal bladder mass around 
a small calculus (arrow) at the UVJ. A Foley catheter is in the 
bladder. 


extension of the mass from the bladder wall to the 


contiguous pelvic viscera |(stage T,,)}or to the pelvic 


sidewall see Fig. 6-16B). 


The utility of dynamic contrast-enhanced imaging of 
the urinary bladder for the detection and staging of 
bladder cancer is not well established, with some studies 
showing added benefit and others showing no addi- 
tional benefit over unenhanced imaging. Bladder 
tumors, as well as the bladder mucosa and submucosa, 
typically enhance earlier than the muscle layer of the 
bladder wall and this may help to differentiate nonin- 
vasive from muscle-invasive tumors (Fig. 6-20). Delayed 
postcontrast images with high signal intensity of the 
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Bladder cancer on computed tomography (CT). Axial (A) and coronal (B) images from the excretory phase of CT urography 
show a papillary mass encasing, but not obstructing, the left uretero-vesical junction (arrows). Biopsy confirmed urothelial carcinoma. 


Staging of bladder wall invasion with computed tomography. A, A pedunculated mass originates from the focally 
thickened inferolateral wall of the bladder. There is increased attenuation of the perivesical fat (arrow) adjacent to this mass. At total 
cystectomy, tumor invasion of the perivesical fat was seen (stage T disease). B, There is a broad-based, sessile mass originating from 
the inferolateral wall of the bladder. Increased density is seen in the perivesical fat (open arrow) lateral and posterior to the bladder 
mass. At surgery, deep muscle invasion was found, but there was no infiltration of tumor into the perivesical fat (stage Tx, disease). 
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A patient being treated with chemotherapy for colon 
cancer presented with hematuria. On computed tomography, asym- 
metric masslike thickening of the left wall of the urinary bladder is 
seen (arrow). Hemorrhagic cystitis was diagnosed at cystoscopy. 
Invasive urothelial cancer could have an identical appearance. 


urine may provide better depiction of the intraluminal 
portion of a bladder mass. Hence, one of the potential 
advantages of contrast-enhanced MRI is the improved 
detection of small tumors (<7 mm). Areas of necrosis 
also may be differentiated from viable tumor after the 
intravenous gadolinium-based contrast agent is given. 

Similar to CT, MRI relies primarily on lymph node 
size for the diagnosis of nodal metastatic disease. Com- 
pared with CT, MRI has overall better accuracy for the 
staging of bladder neoplasms; however, MRI and CT are 
comparable in staging metastases to regional lymph 
nodes. PET-CT or biopsy may be useful to establish a 
more definitive diagnosis of lymph node metastases in 
some cases. Both CT and MRI are excellent for demon- 
strating distant metastatic disease (Fig. 6-21). 


Benign Neoplasms of the Bladder 

Urothelial (transitional cell) papilloma is a rare urothe- 
lial neoplasm that can be difficult to distinguish from 
low-grade papillary carcinoma. These tumors most 
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Stage T, bladder cancer. A, Computed tomography image in a patient with hematuria shows a large mass (asterisk) 
involving the left wall of the bladder with direct extension into the perivesical fat and obliteration of the fat planes between the bladder 
and the uterus (u). B, Coronal reformatted image shows an irregular bulge in the left bladder wall secondary to invasive bladder cancer 
(asterisk) with extension into the perivesical fat. Perivesical fat stranding (arrow) can be seen with neoplastic infiltration, which, in 
some cases, can also be reactive or inflammatory; this is a potential cause for overstaging or understaging of bladder tumors. 


Magnetic resonance imaging of noninvasive (superficial) bladder cancer. Axial (A) and sagittal (B) T2- 
weighted images show a small mass (white arrows) projecting into the lumen of the bladder. The Tə hypointense 
muscularis propria (black arrows) is intact. Noninvasive papillary urothelial carcinoma was resected at cystoscopy. 


An enlarged right external iliac lymph node (arrow() 
is present in a patient with a large bladder mass (M) that is obstruct- 
ing both ureters (asterisks). This is consistent with metastatic disease 
from muscle-invasive urothelial carcinoma of the bladder. 


often are solitary and are typically 0.5 to 2 em in diam- 
eter. Papillomas are attached superficially to the mucosa 
of the bladder by a fine stalk (Fig. 6-22). Resection is 
the treatment method of choice because as many as 
10% of papillomas may develop ultimately into invasive 
carcinoma if left unmanaged. 

Leiomyoma is the most common benign bladder neo- 
plasm of mesenchymal origin. This tumor presents as 
an isolated, well-defined intramural mass that may be 
up to several centimeters in size. Intravesical growth 
pattern is most common, followed by extravesical 
and submucosal patterns of growth. Leiomyomas are 
encapsulated and are usually oval to spheroid. The 
submucosal location of these tumors with intact under- 
lying muscular layer is best seen with MRI. On MRI, 
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Extravesical extension of bladder cancer in two patients on magnetic resonance imaging. A, Axial high-resolution T2- 
weighted image shows extension of a large bladder mass into the perivesical fat (white arrow). Muscle invasion is indicated by disrup- 
tion of the T, hypointense muscularis propria (between the black arrows). B, Delayed postcontrast T1-weighted image with fat satura- 
tion shows an infiltrative bladder mass extending to the pelvic side-wall and ventral abdominal wall (arrows). 


the perivesical fat (arrows) in comparison to the bladder wall and 
tumor (asterisk) permits evaluation of the bladder contour. There is 
no evidence of perivesical fat invasion in this patient with muscle- 
invasive urothelial carcinoma. 


leiomyomas have characteristic low-signal intensity on 
T2-weighted images with cystic areas of high-signal 


intensity attributed to degeneration. 


BOX 6-6 Causes of Generalized Bladder 
Wall Thickening 


COMMON 


Nondistention 
Trabeculation 
Cystitis 


UNCOMMON 


Hemorrhage or edema 
Infiltration by carcinoma 


T2-weighted image in a patient with invasive 
urothelial carcinoma shows a mass (arrow) involving the right 
posterolateral wall of the urinary bladder that is of slightly 
higher signal intensity than the bladder wall and of lower signal 
intensity than the perivesical fat and urine-filled bladder. 


Other benign tumors of the bladder are paragangli- 
oma (pheochromocytoma; Fig. 6-23), hemangioma, 
lipoma, neurofibroma, hamartoma, solitary fibrous 
tumor, and nephrogenic adenoma, all of which are rare. 


Diffuse Thickening of the Bladder Wall 


The most common causes of diffuse bladder wall thick- 
ening are bladder nondistention, pancystitis, and tra- 
beculation (Box 6-6). 
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Magnetic resonance imaging of perivesical fat infiltra- 
tion by urothelial carcinoma. There is diffuse thickening of the 
bladder wall (asterisk) on this axial T2-weighted image. A large mass 
(open arrow) invades the perivesical fat extensively (arrow) and has 
grown to the sidewall of the left hemipelvis. 


Early postcontrast T1-weighted image with fat satura- 
tion demonstrates an avidly enhancing papillary mass arising from 
the right bladder wall (long white arrow) with no evidence of muscle 
invasion. The bladder mucosa and submucosa show a similar degree 
of enhancement to the bladder tumor (short white arrows); however, 
the muscularis propria (arrowhead) is hypoenhancing relative to the 
tumor, mucosa, and submucosa. Noninvasive urothelial carcinoma 
was resected at cystoscopy. 


Trabeculation 


Trabeculation of the bladder wall is observed most 
commonly in patients with chronic bladder-outlet 
obstruction or neurogenic bladder. Radiographically, 
trabeculation is a generalized irregularity of the inner 
or luminal contour of the bladder when the bladder is 
filled with urine. Bladder wall thickening resulting from 
detrusor contraction or incomplete relaxation is normal 
in an underfilled bladder. Cystometry has shown a 


In this patient with invasive urothelial carcinoma of 
the urinary bladder, several target lesions are seen in the liver on this 
postcontrast T1-weighted image with fat saturation, consistent with 
metastatic disease. 


Urothelial (transitional cell) papilloma. Coned-down 
view of the bladder demonstrates a focal filling defect with a lobulated 
margin (open arrow) near the left ureterovesical junction. There is 
nothing specific about the radiographic appearance of this rare 
benign neoplasm, which cannot be distinguished from papillary uro- 
thelial carcinoma. 


strong association between radiologic trabeculation of 
the bladder and detrusor instability, defined as a 
pressure rise of more than 15 cm H,O during bladder 
filling. In the absence of detrusor instability, outflow 
obstruction with high intravesical pressure produces 
the same effect on the detrusor muscle, and therefore 
trabeculation. 

Trabeculation was once thought to result from hyper- 
trophy of the detrusor muscle in response to an increase 
in bladder outflow resistance. This opinion was based 
on the frequent correlation of trabeculation with 
bladder-outlet obstruction, particularly when it resulted 
from benign prostatic hyperplasia. However, histologic 
studies of trabeculated bladders have found infiltration 
of detrusor smooth muscle by connective tissue ele- 
ments and not muscle hypertrophy. 
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Coned-down computed tomography image demon- 
strates diffuse bladder wall thickening (white arrows) resulting from 
bladder-outlet obstruction in this patient with a markedly enlarged 
prostate gland (P) from benign prostatic hyperplasia. Bladder stones 
are present (asterisks), a result of chronic urinary stasis. 


Benign prostatic hyperplasia is the most common 
cause of bladder-outlet obstruction and diffuse bladder 
wall thickening (Fig. 6-24), although prostate adenocar- 
cinoma and prostatitis may also cause narrowing of the 
prostatic urethra. Stricture of the urethra is another 
cause of bladder-outlet obstruction. In addition to wall 
thickening and trabeculation, several other radiologic 
findings may be present to suggest the diagnosis of 
bladder-outlet obstruction at the level of the prostate 
gland (Fig. 6-25). These signs include prostatic impres- 
sion on the base of the bladder, hooking or J configura- 
tion of the juxtavesical ureters caused by elevation of 
the trigone, and large postvoid residual. 


Paraganglioma (pheochromocytoma) of 
the bladder. The patient complained of palpitations and 
dizziness during micturition. A, Computed tomography 
demonstrates a soft-tissue mass (arrow) anterior to the 
apex of the prostate gland. B, Coronal, T1-weighted, 
spin-echo magnetic resonance (MR) image shows an 
exophytic, lobulated mass that originates from the base 
of the bladder. C, The mass is hyperintense compared 
with fat and isointense to the peripheral zone of the 
apex of the prostate on a T2-weighted MR image. 
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Bladder wall trabeculation caused by benign prostatic 
hyperplasia.[A] Coned-down view of the bladder from an intravenous 
urogram demonstrates diffuse thickening of the bladder wall (small 
arrows), which has a finely lobulated contour. A focal, rounded filling 
defect (open arrow) is seen next to a large prostatic impression along 
the base of the bladder. B, Sonography of the bladder in the trans- 
verse plane demonstrates focal enlargement of the median lobe of the 
prostate as the cause of the rounded filling defect. 


a 
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BOX 6-7 Classification of Cystitis by Etiology 


INFECTIOUS 

Bacterial (including malacoplakia) 
Viral 

Parasitic (schistosomiasis) 

Fungal (candidiasis) 


NONINFECTIOUS 


Irritative or mechanical (foreign body such as an indwelling 
Foley catheter or bladder stone, or perivesical inflamma- 
tory process) 

Toxic (cyclophosphamide and ifosfamide) 

Radiation 

Allergic (interstitial; eosinophilic) 


BOX 6-8 Clinicopathologic Descriptors of Cystitis 


Acute 

Chronic 

Hemorrhagic 

Bullous 

Emphysematous 

Polypoid 

Cystitis cystica 

Cystitis glandularis 
Squamous metaplasia 
Alkaline-encrusted cystitis 


Cystitis 

Cystitis is inflammation of the urinary bladder wall and 
may be focal or diffuse. For simplicity of discussion 
here, cystitis is classified according to etiology (Box 
6-7). The term cystitis is often combined with a clinical 
descriptor, especially if the etiology is multifactorial or 
unknown (Box 6-8). For instance, viral, radiation, or 
cyclophosphamide cystitis may manifest as a hemor- 
rhagic cystitis (i.e., cystitis accompanied by significant, 
and frequently gross, hematuria; see Fig. 6-11). Bullous 
cystitis refers to focal collections of fluid (bullous 
edema) in the bladder wall (Fig. 6-26). Polypoid cystitis 
is a reactive urothelial hyperplasia that protrudes into 
the lumen of the bladder as a polyplike growth (polyp- 
oid pseudotumor). The terms cystitis cystica and cys- 
titis glandularis refer to particular histopathologic 
variants of chronic cystitis, which may be better char- 
acterized as forms of urothelial metaplasia. These may 
appear as nodules or masses mimicking malignancy 
(Fig. 6-27); however, they can be distinguished from 
carcinoma by the absence of atypia and presence of an 
intact muscular layer at biopsy. Cystitis glandularis 
(intestinal type) has been associated with an increased 
risk of adenocarcinoma of the urinary bladder and 
these patients should be monitored closely. 

One of the more common ways of describing cystitis 
refers to its duration. Acute cystitis refers to bladder 
inflammation of recent symptomatic onset and rather 
short duration. Radiographically, a completely normal- 
appearing bladder is not uncommon, despite the pres- 
ence of cystoscopie abnormalities such as ulcerations, 
petechiae, or erythema. Chronic cystitis implies that 


BOX 6-9 
to Cystitis 


Focal Mural Abnormalities Attributed 


Bullous edema 

Herald lesion 

Polypoid pseudotumor 

Cystitis cystica or cystitis glandularis 
Malacoplakia 


FIGURE 6-26 Sagittal ultrasound image of the bladder demonstrates 
bullous cystitis. An elderly patient with benign prostatic hyperplasia 
presented with severe pelvic pain. Sonography showed multiple 
hypoechoic areas (arrows) in the wall of the trabeculated bladder. 
At cystoscopy, these were focal areas of bullous edema (asterisk = 
saccule). 


FIGURE 6-27 Transverse ultrasound image of the urinary bladder 
in a patient with recurrent nephrolithiasis and hematuria shows 
masslike thickening of the left posterior bladder wall (arrow). Cysti- 
tis glandularis was diagnosed at cystoscopy with biopsy. The imaging 
appearance is indistinguishable from urothelial carcinoma. 


an inflammatory process of longer duration (many 
months to years) has resulted in a bladder with thick- 
ened walls and small capacity. Bladder compliance 
often is decreased in patients with chronic cystitis, and 
elevated intravesical pressures may cause ureteral dila- 
tation and vesicoureteral reflux. 

Although the inflammatory process often affects the 
entire bladder wall (pancystitis), occasionally cystitis is 
more marked or at least more radiographically apparent 
focally. The result may be a focal lesion that is indis- 
tinguishable radiographically from bladder carcinoma 
(Box 6-9; see Fig. 6-27). A common example is bullous 
edema, which frequently accompanies pancystitis of 
various causes. Mechanical cystitis, often resulting from 
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irritation by a foreign body such as a catheter, is also a 
focal process in many patients. 


Infectious Cystitis. Bacterial cystitis is the most fre- 
quent type of infectious cystitis encountered in devel- 
oped countries. The usual pathogens include Escherichia 
coli, Klebsiella, and Pseudomonas. Bacterial cystitis 
most often occurs in women who are sexually active 
and is thought to result from retrograde deposition of 
bacterial flora that normally inhabits the vagina. In 
women, routine radiographic evaluation is usually 
not indicated unless cystitis is recurrent or difficult to 
eradicate. In men, cystitis is most often associated 
with bladder-outlet obstruction, typically secondary to 
benign prostatic hyperplasia. Urinary tract calculi, ure- 
thral strictures, and urethral catheterization may also 
predispose to cystitis. Evaluation of the bladder and 
urethra is indicated with the first episode of bacterial 
cystitis in men to exclude lower urinary tract anomalies 
or obstruction. In most patients with acute bacterial 
cystitis, the bladder appears normal when evaluated 
with cystography, ultrasonography, or CT. However, 
severe forms of bacterial cystitis may be accompanied 
by mural thickening, which may be irregular or nodular 
(Fig. 6-28). Mural edema may appear hypoechoic on 
sonograms or hypodense on CT. Emphysematous cys- 
titis, an unusual manifestation of bacterial cystitis, is 
discussed later in the chapter. 

An unusual manifestation of recurrent bacterial 
infection is malacoplakia, a granulomatous inflamma- 
tory process that affects the urinary bladder and the 
distal ureter. This disease is more common in immuno- 
compromised patients and in patients with diabetes 
mellitus and is associated with E. coli urinary tract 
infections. The proffered pathogenesis of malacoplakia 
is deficient function of lysosomes in macrophages, 
causing a chronic and ineffective response to urinary 
tract infection. At histology, basophilic inclusions are 
seen within macrophages (Michaelis-Gutmann bodies). 
Soft, yellowish plaques are seen on the surface of the 


SAG ML 
BLADDER WALL 


FIGURE 6-28 Sagittal ultrasound image of the bladder shows diffuse 
thickening of the bladder wall in a patient with dysuria and pyuria. 
Normal bladder wall thickness is not well established; however, in 
general, a wall thickness of 1 to 3 mm of a distended urinary bladder 
may be considered normal and a thickness greater than 5 mm is 
considered abnormal. 


bladder with cystoscopy. On radiologic imaging studies, 
malacoplakia usually appears as multiple raised but 
sessile filling defects, 5 to 10 mm in diameter. Central 
umbilication of these flat lesions may be seen, and there 
is a predilection for involvement of the bladder base. 
When malacoplakia is found in the lower ureter, there 
may be contiguous areas of stricture. The imaging find- 
ings may mimic neoplastic etiologies. 

Viral cystitis is most often seen in children and in 
immunocompromised patients and is rare in immuno- 
competent adults. Viruses that have been identified as 
causative agents include adenovirus, BK polyomavirus, 
cytomegalovirus, herpes virus, and John Cunningham 
virus, especially in patients who have undergone bone 
marrow or solid-organ transplants. Patients typically 
present with dysuria and gross hematuria, manifesta- 
tions of a hemorrhagic cystitis. Imaging findings often 
indicate an aggressive cystitis. The capacity of the 
urinary bladder is decreased markedly, and mural nod- 
ularity may take the form of multiple polypoid filling 
defects. Differentiating viral cystitis from sarcoma bot- 
ryoides in children can be difficult. An important 
distinguishing feature is reduced bladder capacity; 
in patients with sarcoma botryoides (a type of rhabdo- 
myosarcoma), the bladder capacity is normal or 
increased. 

Schistosomiasis of the urinary bladder is a frequent 
cause of lower urinary tract disease in patients in 
underdeveloped countries. Its clinical and radiologic 
manifestations are discussed in the section on bladder 
lumen and wall calcification (Fig. 6-29). 

Tuberculosis of the genitourinary tract follows 
hematogenous dissemination from the lung or, less 
often, from the skin or gastrointestinal tract. Cystitis 
usually follows spread of renal infection into the 
collecting system and can be seen in 10% to 20% of 
patients with chronic urinary tract tuberculosis. Focal, 
irregular mural filling defects caused by mucosal 
tuberculomas may be seen early in the course of 
tuberculous cystitis and can simulate neoplasia. If the 
infectious process proceeds unchecked, transmural 
involvement occurs and may result in fibrosis and 
associated reduction in bladder capacity. Bizarre 
configurations of the urinary bladder may be observed 
in chronic tuberculous cystitis when the fibrotic 
process is nonuniform. Vesicoureteral reflux and 
ureteral obstruction frequently accompany reduced 
bladder compliance. Radiographically visible calcifi- 
cation is uncommon with tuberculous cystitis, present 
in approximately 10% of patients. Bladder wall 
calcification is more likely to be associated with 
healing infection. Complications, including fistulas and 
sinus tracts, are uncommon and best demonstrated 
with CT or MRI. 

Noninfectious Cystitis. The major causes of noninfec- 
tious cystitis can be divided into the following four main 
categories: mechanical, toxic or drug related, radiation 
related, and allergic. Mechanical cystitis implies that 
there is contact with an irritant either within or exter- 
nal to the bladder. Because the cause of inflammation 
rarely involves the entire bladder, mechanical cystitis 
is frequently a focal process. Common irritants within 
the bladder lumen include an indwelling Foley catheter, 
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Bladder schistosomiasis. A, Coned-down view of the bladder from an intravenous urogram demon- 
strates diffuse, multinodular thickening of the bladder wall, markedly reduced bladder capacity, and fixed dilatation 
of the distal right ureter. B, In another case of schistosomiasis, there is nodular thickening of the bladder wall, par- 
ticularly near the ureterovesical junction, and several large polypoid filling defects (arrows). 


Fulminant hemorrhagic cystitis in a 62-year-old patient with gross hematuria and dysuria. A, Cysto- 
gram demonstrates a large filling defect consistent with a blood clot. B, Intravenous urography performed 4 weeks 
later shows nodular thickening of the bladder that has a reduced capacity. 


a bladder stone, or surgery-related foreign bodies such 
as suture material. Paravesical disease, such as diver- 
ticulitis, pelvic abscess, pelvic inflammatory disease, 
Crohn disease, prostate cancer, colon cancer, or gyne- 
cologic malignancy, can also incite bullous edema and 
focal bladder wall thickening or nodularity caused by 
inflammation. Such a focal inflammatory response of 
the adventitial and muscular layers of the bladder mani- 
festing as a mucosal abnormality at cystoscopy has 
been referred to as the herald lesion. 


The chemotherapeutic agents cyclophosphamide 
and ifosfamide can cause a hemorrhagic cystitis that 
may be associated with fulminant, gross hematuria in 
4% to 12% of patients. Clinically, symptoms of bladder 
irritation may develop within days after drug admin- 
istration. Blood clots may appear as intraluminal 
filling defects at cystography (Fig. 6-30A) or the delayed 
phase of CT urography, or as hyperdense masses on 
unenhanced CT (Fig. 6-31). The bladder wall appears 
thickened, and nodular filling defects may be seen 
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Unenhanced computed tomography image shows a 
hyperdense mass (asterisk), consistent with a blood clot, in the 
thickened urinary bladder in a patient with hemorrhagic cystitis. Gas 
in the urinary bladder is secondary to the presence of a Foley catheter 
(arrow). 


Diffuse, nodular mucosal thickening and enhance- 
ment (arrow) of the urinary bladder are seen in a patient with 
hematuria undergoing chemotherapy for acute myeloid leukemia. 
Hemorrhagic cystitis was diagnosed at cystoscopy. 


(Fig. 6-32). In later stages, a contracted bladder can be 
seen, and the development of bladder wall fibrosis is 
irreversible (Fig. 6-30B). 

Interstitial cystitis (IC) is an idiopathic pancystitis 
that most often occurs in women. IC has been associ- 
ated with polyarteritis nodosa, rheumatoid arthritis, 
and systemic lupus erythematosus. Many patients have 
a strong atopic history. Patients with IC may also have 
other conditions such as irritable bowel syndrome or 
fibromyalgia. The diagnostic triad consists of chronic 
irritative voiding symptoms, sterile urine, and cysto- 
scopic demonstration of urothelial ulcers or petechiae. 
In the early phase, the bladder usually appears normal 
on imaging. In later phases, the bladder becomes con- 
tracted, and its capacity is reduced (Fig. 6-33). Nodular 
thickening of the bladder wall may be demonstrated as 
bladder fibrosis ensues. Refractory cases may require 
cystectomy and urinary diversion. 

Several complications of chronic cystitis can produce 
a radiographic picture that is indistinguishable from 
bladder carcinoma. As a result of long-standing inflam- 
mation, clusters of hyperplastic urothelial cells called 


Contrast-enhanced computed tomography image 
shows a contracted urinary bladder with diffuse wall thickening in a 
patient with chronic interstitial cystitis. 


BOX 6-10 Outpouching of the Bladder Wall 


COMMON 


Diverticulum (>2 cm) and saccule/cellule (<2 em) 
Cystocele 
Herniation of the bladder 


UNCOMMON 
Urachal diverticulum 


BOX 6-11 Bladder Diverticula 


Result from bladder-neck or urethral obstruction 
Congenital: Hutch diverticulum 

Can cause ureteral obstruction or reflux 

Urinary stasis may lead to stone formation or cystitis 
Carcinoma in approximately 2% of the cases 


Brunn nests may form in the submucosa of the bladder 
wall. When necrosis occurs in the center of these cell 
clusters, fluid-filled pseudocystic structures are formed; 
this condition is referred to as cystitis cystica. When 
Brunn nests form into glandular structures, the condi- 
tion is termed cystitis Slandularis. Cystic or glandular 
metaplasia is indicative of mucosal instability, which is 
often reversible. In contrast to submucosal urothelial 
hyperplasia and cystic/glandular metaplasia, squamous 
metaplasia is a change in the urothelium of the bladder 
to keratin-producing squamous cells. White patches, or 
leukoplakia, may cap mucosal foci of squamous meta- 
plasia and are evident cystoscopically. The hyperplastic 
and metaplastic changes tend to occur earliest and to 
predominate in the trigone and base of the bladder. 


Outpouching of the Bladder Wall 


Common and uncommon outpouchings of the bladder 
wall are listed in Box 6-10. 


Diverticula 
Diverticula are focal herniations of the urothelium and 


submucosa through naturally weak sites in the bladder 
wall (Box 6-11). When acquired, diverticula frequently 
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A diverticulum (asterisk) arising from the left poste- 
rior wall of the bladder near the left ureteral orifice is causing medial 
deviation of the left ureter (arrow) in a patient with benign prostatic 
hyperplasia. 


A diverticulum arising from the right posterolateral 
wall of the bladder (arrow) has a thin smooth wall, whereas the 
urinary bladder wall from which it originates is diffusely thickened 
and trabeculated. 


develop in the setting of chronic elevation of intravesi- 
cal pressure. In men, this is often a result of chronic 
bladder-outlet obstruction secondary to benign pros- 
tatic hyperplasia. These herniations tend to occur next 
to the ureteral orifices. Diverticula are important clini- 
cally as a potential cause of urinary stasis, ureteral 
obstruction, and vesicoureteral reflux. Large diverticula 
may exert extrinsic mass effect on the bladder or may 
displace or obstruct the distal segments of the ureters. 
Lateral deviation of the distal ureters may be caused by 
bladder diverticula, but medial displacement is more 
common (Fig. 6-34). Radiographically, diverticula are 
outpouchings that have smooth inner walls, unlike the 
trabeculated bladder from which they originate (Fig. 
6-35). They may be as small as a couple of centimeters 
and rarely enlarge to a size greater than that of the 
native bladder. Outpouchings of the bladder wall that 
are smaller than 2 cm are often referred to as saccules, 


Oblique, coned-down image from a cystogram shows 
multiple large and small diverticula. Outpouchings of the bladder that 
are smaller than 2 cm are called saccules. 


or cellules, rather than diverticula, although the patho- 
genesis is the same (Fig. 6-36). Filling defects in diver- 
ticula may be caused by stones or, rarely, carcinoma 
(Fig. 6-37). Diverticula may communicate with the 
bladder by a wide mouth or by a narrow channel that 
may be imperceptible. A potential pitfall to keep in 
mind is that on ultrasound the reservoir for an inflat- 
able penile prosthesis located adjacent to the urinary 
bladder may mimic a diverticulum (Fig. 6-38). Correla- 
tion with surgical history or CT may be helpful in this 
situation. 

Bladder diverticula may be difficult to visualize when 
the bladder is not well distended, but these are well 
seen on conventional or CT cystography (Fig. 6-39). 
They also may be more conspicuous after voluntary 
bladder emptying as a result of the combination of 
increased filling and decreased emptying that occurs 
with the high intravesical pressures associated with 
voiding. The relative evacuation of contrast-laden urine 
from a diverticulum after bladder emptying is impor- 
tant because it may influence the decision to treat 
patients surgically, especially those with recurrent 
urinary tract infections. 


Cystocele 


Cystocele is abnormal descent of the bladder with pro- 
lapse into the vagina. The trigone and bladder neck 
usually prolapse together, but occasionally only the 
trigone is involved (Fig. 6-40). Concomitant prolapse of 
the bladder and urethra (cystourethrocele) is frequently 
present with stress urinary incontinence. In addition, 
cystocele can be associated with bladder-outlet obstruc- 
tion or hydronephrosis, especially when the degree of 
prolapse is severe. 

The diagnosis of cystocele is best made based on 
dynamic imaging performed during maximal straining 
or during voiding because the cystocele may not be 
apparent on imaging performed with the patient at rest 
(Fig. 6-41). On conventional cystography, cystocele is 
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Axial |(A)| and sagittal (B) computed tomography 
images show a papillary mass (arrows) arising within a large right 
posterolateral bladder diverticulum. Adenocarcinoma was diagnosed 
at transurethral resection. 


defined as any part of the bladder that reaches the level 
of the inferior pubic rami during straining. Cystoceles 
are graded from mild to severe according to the degree 
of descent of the bladder below the superior pubic 
margin. Prolapse of up to 2 cm below the superior pubic 
margin defines a mild cystocele, whereas a cystocele 
that descends below the level of the rami is severe. 
Cystocele can also be well demonstrated with 
dynamic MRI of the pelvic floor (MR defecography). 
MRI has the added benefit of not using ionizing 


A,| Transverse ultrasound image shows a fluid-filled 
structure (arrow) adjacent to the left wall of the urinary bladder that 
could be mistaken for a bladder diverticulum. B, Axial computed 
tomography image confirms the presence of a fluid-filled reservoir 
(arrow) for an inflatable penile prosthesis. 


radiation for image acquisition. On midsagittal MR 
images, a line extending from the inferior margin of the 
pubic symphysis to the last horizontal sacrococcygeal 
joint denotes the level of the pelvic floor. During 
maximal straining and evacuation of the rectum, 
dynamic cine MR images are acquired and descent of 
the bladder neck below the pubococcygeal line is indic- 
ative of a cystocele. Grading schemes vary; however, 
descent less than 3 cm may be considered a mild cys- 
tocele, descent 3 to 6 cm is a moderate cystocele, and 
descent greater than 6 cm represents a severe cystocele 
(Fig. 6-42). There is often accompanying urethral 
hypermobility. 


Bladder Herniation 

Herniation of the bladder through a pelvic or abdominal 
opening is an unusual cause of a small or asymmetri- 
cally shaped bladder associated with a focal area of 
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FIGURE 6-39 A, Axial computed tomography (CT) image in a 
trauma patient shows a small diverticulum arising from the right 
bladder wall (arrow). B, Axial image from a CT cystogram obtained 
to evaluate for bladder rupture shows filling of right bladder diver- 
ticula (long white arrows) as well as multiple cellules in the wall of 
the urinary bladder (short arrows) that were not apparent on the 
initial trauma CT. 


outpouching (Fig. 6-43). Herniation through the ingui- 
nal or femoral canal is most common, accounting for 
more than 95% of cases, and those with inguinal hernias 
outnumber femoral hernias (2:1) (Fig. 6-44). In adults, 
the majority of bladder herniations result from age- 
related weakening of the supportive structures of the 
abdominal wall. Such herniations are more likely to 
occur in the presence of bladder-outlet obstruction that 
requires straining during voiding and results in bladder 
distention. In infants under the age of 1, transitory, 
small inguinal herniations can be seen in as many as 
9% of patients undergoing voiding cystourethrography 
or IVU. These bladder ears are a normal variant in 
infants and are of little clinical significance. In most 
patients bladder herniation is asymptomatic and is 
discovered incidentally during herniorrhaphy. Inadver- 
tent bladder perforation may occur in this setting. 
Other patients present with a classic history of two- 
stage voiding: the patient empties the bladder proper 
first but then must compress manually the herniated 
bladder. 

Bladder hernias are typically less than 2 to 2.5 cm 
in size but occasionally can be massive. The wall of the 
hernia is smooth, unless the hernia is complicated by 
lithiasis or inflammation. Bladder hernias are well seen 
on CT imaging. On fluoroscopic evaluation, continuity 


BOX 6-12 Causes of Air in the Lumen or Wall of 
the Urinary Bladder 


COMMON 


Iatrogenic (recent catheterization or instrumentation) 
Fistula from the bowel or vagina 


UNCOMMON 
Emphysematous cystitis 


BOX 6-13 Causes of Fistula between the Bladder 
and the Bowel 


COMMON 


Iatrogenic 

Diverticulitis 

Carcinoma of the rectum or sigmoid colon 
Crohn colitis 


UNCOMMON 


Complication of radiotherapy 
Pelvic inflammatory disease 
Pelvic abscess (appendicitis) 
Neoplasms of the bladder 
Schistosomiasis or tuberculosis 
Cervical cancer 


with the bladder may be demonstrated more readily 
with cystography than with IVU, especially when the 
neck of the hernia is narrow or is unopacified because 
of a nondependent position. 


Intravesical or Interstitial Air 


The most common reason for the radiographic finding 
of air within the lumen of the bladder is recent cathe- 
terization or instrumentation (Box 6-12). The two 
important pathologic conditions that must be consid- 
ered are fistula between the bladder and the bowel or 
vagina, and infectious cystitis caused by a gas-forming 
infection. 


Enterovesical and Colovesical Fistulas 


In addition to pneumaturia, a fistula from either the 
small bowel or colon may cause chronic infectious cys- 
titis or fecaluria (Box 6-13). These symptoms often 
dominate the clinical presentation of enterovesical and 
colovesical fistulas. Colovesical fistula may develop in 
as many as 2% of patients with diverticulitis (Fig. 6-45). 
Other common causes of colovesical fistula are colorec- 
tal carcinoma (Fig. 6-46) and Crohn enteritis or colitis 
(Fig. 6-47). Carcinoma of the rectosigmoid is compli- 
cated by colovesical fistula more often than is carci- 
noma of the cecum. Enterovesical fistula has been 
reported in as many as 5% of adults and 10% of children 
with Crohn disease. Rectosigmoid diseases that lead to 
fistula formation usually involve the left and posterior 
bladder walls. Conversely, infectious or inflammatory 
processes originating from the cecum, appendix, or 
distal small bowel tend to affect the right side of the 
bladder, either anteriorly or laterally. 
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FIGURE 6-40 Cystocele (trigonocele) [A] Oblique image during the cystographic phase of intravenous urogram shows 
marked focal prolapse of the bladder base (arrows = distal right ureter). B, Computed tomography demonstrates the 
ureters (arrows) entering the trigone, which has prolapsed to the level of the ischial tuberosities. 


Fistulas from bladder to bowel can be difficult to 
demonstrate by cystoscopic or radiologic methods. Fis- 
tulous connections are diagnosed with conventional 
cystography and barium enema in only 30% to 60% of 
patients; the accuracy of cystoscopy is similar. The 
most common findings at conventional cystography 
include focal mural irregularity or extrinsic mass effect 
(Fig. 6-46C). Multidetector CT cystography has been 
shown to be a useful tool to diagnose enterovesical, 
colovesical, and vesicovaginal fistulas and should be 
considered as a first-line modality. At least 250 mL of 
dilute iodinated contrast should be used for CT cystog- 
raphy. The contrast is infused into the bladder by 
gravity through a urethral or suprapubic catheter. Alter- 
natively, CT can be performed after the administration 


of oral and rectal contrast; intravenous contrast admin- 
istration is not necessary in this scenario (Fig. 6-48). If 
oral and rectal contrasts are administered, bladder 
catheterization or cystoscopy before CT should be 
avoided to eliminate iatrogenic introduction of air. The 
diagnostic signs of enterovesical fistula or colovesical 
fistula on CT include the identification of intravesical 
air or contrast, focal bladder wall thickening greater 
than 2 mm, contiguous bowel wall thickening greater 
than 3 mm, and the presence of an air-containing, para- 
vesical soft-tissue mass (see Fig. 6-45). 


Vesicovaginal Fistula 


In developed countries, vesicovaginal fistulas most 
often are a complication of pelvic surgery but can result 
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Cystocele. Image from cystography with the 
patient at rest shows the bladder above the level of the superior pubic 
margin. B, During maximal straining, there is marked descent of the 
bladder, which extends below the level of the pubic rami consistent 
with severe cystocele. 


Cystocele on dynamic magnetic resonance imaging 
of the pelvic floor. Ajat rest, the bladder neck (white arrow) is above 
the level of the pubococcygeal line (PCL; white line). B, With maximal 
straining and evacuation of the rectum (defecography), there is 
descent of the bladder neck below the PCL (white arrow), consistent 
with cystocele. Also seen are vaginal apical descent/uterine prolapse 
(short black arrow) and a rectocele (asterisk) in this patient with 
global pelvic floor laxity. 
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Small femoral herniations of the bladder. Anteropos- 
terior view during the cystographic phase of an intravenous urogram 
demonstrates bilateral focal outpouchings of the inferolateral bladder 
wall consistent with small bladder herniations. The patient was 
asymptomatic. 


from radiation therapy for gynecologic malignancy or 
be a result of locally advanced cancer of the cervix or 
bladder. Gynecologic surgery (particularly hysterec- 
tomy and vaginal surgery) and urologic surgery (such 
as cystocele repair or sling procedures for urinary 
incontinence) are the leading causes of postoperative 
vesicovaginal fistula (Fig. 6-49). In developing coun- 
tries, obstetric injury is a common cause of vesicovagi- 
nal fistula. Other less common etiologies include foreign 
body (Foley catheter) and tuberculous or bilharzial cys- 
titis. The clinical hallmark of vesicovaginal fistulas is 
continuous urinary incontinence. Voiding cystoure- 
thrography may successfully demonstrate these fistulas 
on steep oblique or lateral views; however, CT (urogra- 
phy and cystography) has replaced voiding cystoure- 
thrography in many institutions as the first-line imaging 
modality for evaluation of vesicovaginal fistula because 
of its improved ability to delineate fistulas, especially 
when small (Fig. 6-50). Vaginoscopy or speculum exam- 
ination after cystoscopic instillation of indigo carmine 
or milk in the urinary bladder can also be used for 
direct visualization of a fistula. 


Emphysematous Cystitis 


Emphysematous cystitis is a rare form of cystitis that 
tends to occur in women with poorly controlled diabe- 
tes. Emphysematous cystitis usually occurs in the 
setting of urinary stasis and E. coli infection; however, 
the cystitis can occur secondary to a variety of other 
pathogens including Enterobacter aerogenes and 
Candida albicans. Management with appropriate anti- 
biotics and control of diabetes are usually effective, 
although surgical management may be necessary in 
complicated cases. Radiographically, gas (carbon 
dioxide) is seen within the wall of the bladder and may 
be present within the bladder lumen (Fig. 6-51). The 
pattern of air within the bladder wall may be linear, 
streaky, or multicystic. Proximal spread of mural gas to 
the ureters and renal pelves has been reported. 


Bladder herniation on computed tomography] A hnd B, 
Axial images through the pelvis at two levels show herniation of the 
left anterior aspect of the bladder into a left inguinal hernia (arrows). 
A right inguinal hernia containing bowel is also present (asterisks). 
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Colovesical fistula secondary to diverticulitis. [A,]Scout image for computed tomography (CT) of the 
pelvis shows a large air collection in the pelvis next to the contrast-opacified rectum. B, Uninfused CT shows intra- 
vesical air. C, At a more caudal level, CT demonstrates focal bladder wall thickening (small arrows) adjacent to an 


inflamed segment of sigmoid colon (open arrow). 


Calcification in the Bladder Wall or Lumen 


Common and uncommon causes of mural or luminal 
bladder calcification are shown in Box 6-14. 


Bladder Stones 


As with nephrolithiasis, bladder stones have a propen- 
sity to form when urinary stasis and infection are 
present. A discrete nidus on which stones can form and 
grow, such as a Foley catheter balloon, suture material, 
or pubic hair, may coexist but is not necessary. Uric 
acid stones predominate in the setting of bladder-outlet 
obstruction. Magnesium ammonium phosphate (stru- 
vite) and calcium hydroxyphosphate (apatite) stones 
tend to occur when there is urinary tract infection, 
particularly with Proteus species. Given the propensity 
for urinary stasis and infection, stone formation in 
bladder diverticula is not unexpected. Patients with 
bladder stones may present with microscopic hematu- 
ria, suprapubic pain, or interruption of the urinary 


BOX 6-14 Mural or Luminal Bladder Calcification 


COMMON 


Bladder stone 

Urothelial carcinoma (up to 5% have associated calcification, 
usually on the surface) 

Cystitis (infectious and noninfectious: schistosomiasis, tuber- 
culous, radiation, cyclophosphamide) 


UNCOMMON 


Foreign-body-associated encrustation (ureteral stent, Foley 
catheter, nonabsorbable suture) 

Amyloidosis 

Alkaline-encrusted cystitis 
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Rectovesical fistula and bladder obstruction caused by recurrent rectal carcinoma.|A, Abdominal plain 
film demonstrates two large pockets of air (arrows) in the pelvis. B, Uninfused computed tomography shows a pre- 
sacral mass (r). Obliteration of retrovesical fat suggests invasion of the posterior bladder wall. There is intravesical 
air and diffuse thickening of the bladder wall. C, Percutaneous cystogram demonstrates two filling defects, namely, 
one resulting from purulent debris (arrow) and the other resulting from invasive recurrent rectal cancer (open arrow). 
There is contrast opacification of sigmoid colon (c). 


stream during voiding resulting from intermittent 
bladder-neck obstruction; however, many patients are 
asymptomatic. Of particular concern in patients with 
asymptomatic bladder stone disease is the development 
of SCC in areas of the bladder that are chronically 
inflamed because of mechanical irritation. 

If sufficiently calcified, stones in the bladder may 
be visible on a plain film (Fig. 6-52). Therefore small 
uric acid stones are often undetectable on plain films, 
especially when compared with larger uric acid and 
struvite stones. If the patient is in the supine posi- 
tion, bladder stones tend to rest in the midline; later- 
ally positioned stones, especially if there are several 
faceted stones in close proximity, suggest location 
within a diverticulum. In patients who have under- 
gone certain urologic procedures using nonabsorbable 


suture material, the suture material can serve as a nidus 
for stone formation. These stones may be located in 
a nondependent position in the urinary bladder and 
are referred to as hanging stones (Fig. 6-53). A large, 
nonopaque calculus with rim calcification can simu- 
late bladder wall calcification on plain abdominal 
radiographs. Stones usually are less dense than contrast- 
opacified urine, and therefore appear as filling defects 
on cystographic examinations or the cystographic 
phase of IVU (Fig. 6-54). Differentiation of stone from 
mural-based mass can be accomplished if mobility is 
shown on plain film or sonograms. CT may be needed 
to distinguish bladder stones from calcifications of the 
uterus, rectal wall, or prostate gland. Bladder stones, 
regardless of composition, are well depicted on CT 
(Fig. 6-55; see Fig. 6-24). 
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Enterovesical fistula] A,]The bladder wall is thickened 
and intraluminal gas is present (arrow) in a patient with Crohn 
disease. B, On this coronal computed tomography image, marked 
inflammatory thickening of the bladder dome is seen (asterisk) and 
there is a fistula with an adherent thickened small bowel loop 
(arrow). Tethering of additional loops of small bowel and colon is 
noted in this patient with fistulizing Crohn disease (short arrows). 


Schistosomiasis 


Worldwide, schistosomiasis (also known as bilharszia) 
is the most frequent cause of bladder wall calcification. 
Of the three major species, Schistosoma haematobium 
is the primary schistosome that infects the lower 
urinary tract. These blood flukes live in the portal and 


Rectal contrast (R) was administered in this patient 
with invasive urothelial carcinoma (asterisk) and is seen pooling 
within the urinary bladder (black arrow), confirming the presence 
of a rectovesical fistula. A small amount of gas is also present in the 
urinary bladder secondary to the fistula (white arrow). 


mesenteric veins and migrate through the systemic 
veins to reach the lower urinary tract, prostate gland, 
and lower gastrointestinal tract. The female schisto- 
some deposits her eggs in small venules of the bladder 
wall. Granuloma formation, obliterative endarteritis, 
and fibrosis are the histopathologic responses to these 
deposited ova. 

The earliest finding of bladder schistosomiasis on 
eystography is an indistinct, blurred bladder wall 
contour, resulting from submucosal edema. Small, flat 
filling defects may be seen and are attributed to bilhar- 
zial polyps. The characteristic manifestation of schisto- 
somiasis is sheetlike or eggshell calcification in the 
submucosa of the bladder and ureteral walls (Fig. 6-56). 
However, the pattern of calcification is variable and 
may be dense and wavy or serpiginous. Typically, the 
entire bladder wall is involved, although the base of the 
bladder may be involved earliest. Approximately 50% of 
patients with bladder schistosomiasis have calcification 
that is visible on plain film. Despite the extensive nature 
of the calcification, bladder capacity is initially normal, 
and with voiding the calcified bladder contracts. Any of 
the bladder carcinomas may complicate chronic schis- 
tosomiasis, but SCC is cited most frequently. Single or 
multiple asymmetric or irregular filling defects or focal 
disruption of linear mural calcification should raise sus- 
picion for this malignant complication. Radiographic 
changes may also be seen in the ureters. Persistent 
opacification of the lower third of the ureters on IVU is 
an early finding and may progress to fixed dilatation 
(see Fig. 6-29). Multiple focal strictures may develop 
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Vesicovaginal fistula after total abdominal hysterectomy. A, Axial image from computed tomography cystography shows 
contrast in the bladder (B) and vagina (V). B, At a different level, a large fistula (arrow) is seen between the bladder and the vagina. 


Small vesicovaginal fistula in a patient with urinary incontinence after hysterectomy. A, Axial unen- 
hanced computed tomography (CT) image shows gas in the bladder and vagina. B, Coned-down sagittal image from 
CT cystography shows a small fistula (arrow) between the bladder and the vagina, with contrast filling the vagina (V). 
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al 


Gas is seen throughout the wall of the urinary bladder 
in this diabetic patient with emphysematous cystitis. A locule of gas 
is also present in the bladder lumen (arrow). 


Coned-down view of the pelvis shows a large and 
densely calcified bladder stone. The calculus enlarged from 5 mm to 
5 cm in approximately 7 years. 


and are always present in the lower ureters first. The 
combination of dilatation and tortuosity caused by 
stricture or reflux has been described as the snakehead 
appearance of the distal ureter. Progressive proximal 
ureteral involvement with strictures and intervening 
dilatation creates a beaded appearance of the ureters, 
which is outlined by linear calcification in approxi- 
mately 15% of patients. 


Bladder Carcinoma 


When calcification is associated with a mass in the 
bladder, neoplasm must be excluded. Calcification has 
been estimated to occur in up to 5% of urothelial 
carcinomas and is typically seen on the surface of 
the tumor (Fig. 6-57). SCCs may also be associated 
with dystrophic calcification, which can be linear, 
punctate, or coarse in pattern. Benign mesenchymal 
tumors, such as hemangioma (Fig. 6-58), and 70% of 
urachal carcinomas may have radiographically detect- 
able calcification. 


Hanging bladder stone. 


fA] A small calcification 
(arrow) is seen in the right side of the anatomic pelvis on plain film. 
B, Transverse ultrasound image of the bladder shows an echogenic 
structure (arrow) at the level of the ureteroneocystostomy in a 
patient with a right lower quadrant renal transplant representing 
stone formation on nonabsorbable suture material. 


Alkaline-Encrusted Cystitis 


Alkaline-encrusted cystitis is a chronic nosocomial 
infection of the bladder that is most often seen in 
immunocompromised or debilitated patients who have 
undergone urologic procedures, such as ureteral stent 
placement. Inflammatory or neoplastic bladder wall 
lesions that contain focal areas of necrosis may undergo 
dystrophic calcification. This type of calcification is 
more likely to occur in the environment of alkaluria, 
which fosters the precipitation of calcium phosphate or 
struvite salts. Thus urinary tract infection with urea- 
splitting microorganisms (frequently Corynebacterium 
urealyticum) leading to alkalinization of the urine, 
together with focal or diffuse areas of bladder necrosis, 
may result in bladder wall calcification attributable to 
alkaline-encrusted cystitis. Bladder necrosis leading to 
alkaline encrustation may occur with antecedent radio- 
therapy, cyclophosphamide management, mitomycin C 
instillation, or, more rarely, bacterial cystitis alone. 
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Uric acid bladder calculus.|AJ In addition to multiple 
phleboliths, a coned-down view shows a 2.5-cm calcification (curved 
arrow) in the midline of the pelvis. B, A focal filling defect (curved 
arrow), corresponding to the calcification, is seen on this urogram. 
In addition, there is a second filling defect caused by an enlarged 
prostate gland. This was a uric acid stone, which occurs more often 
in the setting of bladder-outlet obstruction. (Case courtesy Mark S. 
Ridlen, M.D.) 


Calcifications, which are not always seen radiograph- 
ically, manifest in a variety of patterns, including linear 
or coarse and nodular (Fig. 6-59). The calcifications 
seen with alkaline-encrusted cystitis regress and disap- 
pear with resolution of the underlying infection. 


Encrusted Ureteral Stent 


Double-J ureteral stents are commonly used for the 
treatment of urinary tract obstruction. One potential 
serious complication is stent encrustation, most often 
seen with long indwelling time (Fig. 6-60). Encrusted 
ureteral stents may be associated with urinary tract 
infections, urinary tract obstruction, and urothelial 
damage. Removal of the encrusted ureteral stent may 
be difficult and require a variety of interventions, 
including extracorporeal shock wave lithotripsy, ure- 
teroscopy, percutaneous nephrolithotomy, and occa- 
sionally open surgery. To minimize the risk of this 
complication, stent exchange is typically recommended 


The bladder wall is diffusely thickened and stones fill 
the bladder lumen in this patient with chronic urinary stasis related 
to bladder-outlet obstruction from benign prostatic hyperplasia. Foley 
catheter is in place (arrow). 


Eggshell calcification of bladder schistosomiasis. 
Coned-down view of the bladder shows fine, eggshell or sheetlike 
calcification of the bladder wall (arrows). Persistent opacification of 
the distal ureter is an early finding of this disease. 


every 2 to 4 months in patients who require a long-term 
indwelling ureteral stent. 


Miscellaneous 


Tuberculous cystitis may be associated with bladder 
wall calcification late in its course. By the time it is 
apparent radiographically, there is evidence of exten- 
sive upper tract tuberculosis and prostatic calcification. 
Tuberculous bladder calcification could be confused 
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Two small masses with surface calcification (arrows) 
are seen projecting into the lumen of the bladder. Multifocal, nonin- 
vasive papillary urothelial carcinoma was diagnosed at transurethral 
resection. 


Calcification of a mesenchymal bladder tumor. 


BOX 6-1 5 Extrinsic Compression or Displacement Plain film coned down to the pelvis demonstrates multiple 
of the Bladder round calcifications, many of which have central radiolucent areas. 
B, Uninfused computed tomography of the bladder shows round cal- 

COMMON cifications, isolated and clustered, in focally thickened bladder wall. 


Hemangio f the bladder wall was removed at surgery. 
Pelvic hematoma and urinoma noma or Ene a wal Was Temiove surgery 


Pelvic mass (abscess or tumor) 
Bladder diverticulum 


UNCOMMON 

Lymphadenopathy 

Postoperative or radiation change 

Inferior vena cava thrombosis with pelvic venous collaterals 
Pelvic lipomatosis 

Iliopsoas muscle hypertrophy 


with schistosomiasis, but the latter begins in the bladder 
and progresses proximally, whereas the converse 
pattern typifies urinary tract tuberculosis. As men- 
tioned previously, a rim-calcified bladder stone or Foley 
balloon encrustation may mimic mural calcification on 
radiographs. Calcifications in the prostate gland or 
seminal vesicles can also mimic bladder base calcifica- 
tion on radiographs, particularly when the prostate 
gland is enlarged (Fig. 6-61). 


Extrinsic Compression or Displacement 


of the Bladder 


Common and uncommon causes of extrinsic com- 
pression or displacement of the bladder are listed in Linear calcifications are seen throughout the bladder 
Box 6-15. wall in this patient with alkaline-encrusted cystitis. 
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Coronal reformatted computed tomography image in 
bone window shows extensive encrustation of stent fragments in the 
proximal ureter and urinary bladder (arrows) in this patient with a 
forgotten indwelling ureteral stent. 


Coned-down view of the bladder from an intravenous 
urogram shows multiple calcifications overlying the base of the 
bladder. On transrectal sonography, extensive calcification of the 
seminal vesicles and prostate gland was found. 


Pelvic Hematoma and Urinoma 


A pelvic hematoma large enough to compress or dis- 
place the bladder most often occurs after blunt or pen- 
etrating trauma to the pelvis and rarely as a complication 
of pelvic surgery. Blood from laceration of the internal 
iliac artery or perivesical venous plexus can accumulate 
in the pelvis, causing compression and superior dis- 
placement of the urinary bladder (Fig. 6-62). If trauma 
results in extraperitoneal bladder rupture (discussed 
later in the chapter), extravasated urine may also con- 
tribute to the mass effect. Osseous pelvic ring fractures 
or diastasis of the pubic symphysis or sacroiliac joints 
is often present. In the trauma setting, CT has replaced 
standard cystography for the evaluation of bladder 
rupture. Pelvic hematoma and urinoma are two of the 
causes of the classically described pear-shaped or 
teardrop bladder as depicted on standard cystography 


(Fig. 6-63). 


Displacement of the urinary bladder by a large pelvic 
hematoma. Axial|(A)|and coronal (B) images from a computed tomog- 
raphy cystogram in a trauma patient show a large hematoma (aster- 
isks) compressing and elevating the urinary bladder. Several pelvic 
fractures are present (short arrows). 


The Lower Urinary Tract 223 


bami 
FIGURE 6-63 Pear-shaped bladder. The pear-shaped, or teardrop, 
bladder looks like the top of a rocket. Think of the mnemonic 
LAUNCH, lymphoma/lipomatosis, abscess, urinoma, nodes, collateral 
veins (inferior vena cava obstruction), and hematoma. (Case and 
mnemonic courtesy Jeffrey M. Brody, M.D.) 


Bladder Diverticulum 


Bladder diverticula, if large, may cause displacement of 
the urinary bladder (Fig. 6-64). Medial deviation of the 
ureter ipsilateral to the diverticulum is often seen (see 
Fig. 6-34). Bladder diverticula are well seen on CT, and 
may also be demonstrated on ultrasound or standard 
urography and cystography. 


Pelvic Lipomatosis 


Pelvic lipomatosis is a rare disease characterized by 
overgrowth of unencapsulated benign adipose tissue in 
the true pelvis, particularly in the perirectal and peri- 
vesical spaces. Pelvic lipomatosis occurs most fre- 
quently in middle-aged black men with a history of 
hypertension. Clinical symptoms are nonspecific and 
include abdominal or low back pain, urinary frequency, 
urinary tract infection, or constipation. Increased 
radiolucency in the pelvis may be recognized on the 
plain film of the pelvis; however, the diagnosis is often 
made in retrospect. Characteristic radiologic signs 
have been reported on urograms, barium enema exami- 
nations, and CT scans. The bladder has a strikingly 
abnormal configuration, similar to that of a gourd or 
inverted pear (pear-shaped bladder) with narrowing 
most prominent inferiorly or in the midportion. The 
bladder base is elevated, and bladder capacity is 


FIGURE 6-64 A large diverticulum (asterisk) displaces the bladder 
(B) to the right. Bladder diverticula are occasionally as large, or larger 
than, the urinary bladder. Gas in the bladder and diverticulum is 
related to recent instrumentation. 


reduced. In addition, the pelvic ureters are usually 
medially displaced, and the proximal ureter may be 
dilated. Obstruction of the urinary tract is a complica- 
tion of this disease that occurs in approximately 40% of 
patients. The rectum and sigmoid colon are elongated 
and narrowed, but the colonic mucosal pattern is intact. 
The retrorectal space is also enlarged. CT confirms the 
profusion of adipose tissue in the pelvis and its mass 
effect on the bladder and bowel (Fig. 6-65). Pelvic lipo- 
matosis has a strong association with proliferative cys- 
titis, including cystitis glandularis and cystitis cystica, 
and has rarely been associated with adenocarcinoma of 
the bladder. Therefore surveillance of the bladder 
should be considered in these patients. 


Inferior Vena Cava Obstruction 


Pelvic collateral channels enlarge subsequent to 
obstruction of the middle and lower inferior vena cava 
(IVC) and can deform the urinary bladder by compres- 
sion. These collateral channels include the ascending 
lumbar, gonadal, superior hemorrhoidal, and ureteric 
veins. In adults, the most common cause of IVC obstruc- 
tion is tumor thrombus. The malignancies most often 
associated with IVC tumor thrombus are renal cell car- 
cinoma, hepatocellular carcinoma, and adrenal cortical 
carcinoma. Abdominal sepsis, trauma, or cephalad 
extension of thrombus from the iliac and femoral veins 
also may result in bland thrombosis of the IVC. Urog- 
raphy demonstrates compression and superior and 
anterior displacement of the bladder, resulting from the 
mass effect of pelvic venous collaterals and soft-tissue 
edema. The ureters below L3 may be notched or dis- 
placed medially or anteriorly by periureteral collateral 
veins. 


Miscellaneous 


Iliopsoas hypertrophy, a rare cause of symmetric nar- 
rowing of the upper third of the bladder, tends to occur 
most often in young black men with narrow bony 
pelves. Bulky pelvic lymphadenopathy may also result 
in extrinsic mass effect on the bladder (Fig. 6-66). 
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Pelvic lipomatosis. [A] Elevation of the bladder base 
and narrowing of the inferior aspect of the bladder (pear-shaped 
bladder) are seen secondary to proliferation of perivesical fat on this 
coronal reformatted computed tomography image. B, Elongation and 
narrowing of the rectum are also present secondary to proliferation 
of perirectal fat. 


Extrinsic compression of the urinary bladder by 


pelvic sidewall 
lymphoma. 


adenopathy (arrows) in this patient with 


BOX 6-16 Characterization of Bladder Rupture 


INTRAPERITONEAL 


Lateral pelvic recesses (lateral paravesical recesses superior 
to the bladder) 

Rectouterine Douglas pouch or rectovesical space 

Found in the paracolic gutters or around the surrounding 
loops of small bowel 


EXTRAPERITONEAL 


Prevesical and perivesical space (fluid in the prevesical space 
may extend anterior and superior to the bladder to the 
level of the umbilicus) 

Retrorectal or presacral space 


Bladder Rupture 


Rupture of the urinary bladder most often occurs in the 
setting of pelvic trauma. Occasionally, bladder rupture 
is iatrogenic, occurring during surgical procedures in 
the pelvis, or spontaneous. Bladder rupture is classified 
according to the site of extravasation and is described 
as being either intraperitoneal or extraperitoneal, or 
both (Box 6-16). The management of intraperitoneal 
bladder rupture requires surgery for exploration and 
bladder closure because extravasated urine is absorbed 
quickly by the peritoneum and may cause uremia. 
Extraperitoneal rupture, by contrast, can be managed 
by urethral or suprapubic catheter drainage of the 
bladder. Accurate diagnosis is imperative and is facili- 
tated by imaging (CT or standard cystography) in the 
majority of patients. 

The occurrence of posttraumatic bladder rupture 
depends on the degree of bladder distention, the nature 
of the inciting injury, and the presence of an underlying 
bladder abnormality. The distended bladder is more 
likely than the collapsed bladder to rupture with blunt 
trauma. Fractures of the pelvis, particularly when there 
is involvement of the anterior osseous ring, should 
raise the suspicion of lower urinary tract injury. Bladder 
injuries occur in 7% of patients with traumatic separa- 
tion of the symphysis pubis and fractures of the pubic 
rami. Cesarean section and transurethral resection 
of bladder tumors may be complicated by iatrogenic 
bladder rupture. Spontaneous rupture occurs when 
there is a lesion that attenuates the bladder wall, such 
as tumor, cystitis, perivesical inflammation, bladder- 
outlet obstruction, neurogenic bladder, or injury related 
to therapeutic radiation. 

Suspected bladder injury can be evaluated with con- 
ventional cystography or CT cystography, both of which 
are highly sensitive and specific for the detection of 
bladder rupture. Because CT cystography can be per- 
formed as part of the CT screening evaluation of a 
trauma patient, this has replaced conventional cystog- 
raphy in most trauma centers. 

Conventional cystography is optimized with com- 
plete filling of the bladder; 300 to 400 mL of a dilute 
contrast material should be used to distend the bladder. 
Exclusion of injury to the urethra is always important 
before transurethral catheterization of the bladder 
for cystography. Extravasation of contrast material iso- 
lated to the perivesical space is the hallmark of 
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FIGURE 6-67 Extraperitoneal bladder rupture. Anteroposterior 
view of the pelvis from conventional cystogram shows extravasated 
contrast material that has jagged, irregular margins. There is marked 
extrinsic compression and elevation of the bladder (asterisk). Bowel 
loops are not outlined by contrast. 


extraperitoneal rupture (Fig. 6-67). Pelvic fractures 
accompany this form of bladder rupture in 90% of 
patients with related trauma. The site of the bladder 
defect is frequently the anterolateral bladder wall, and 
opinions differ as to whether fracture fragments are the 
cause of this laceration. The extravasated contrast 
material often collects close to the bladder and may 
have sharp but irregular margins, sometimes described 
as flame shaped. If the urogenital diaphragm is violated, 
contrast material may spread into the perineum, thigh, 
or scrotum. Intraperitoneal rupture is typified by delin- 
eation of intraperitoneal organs, such as bowel loops or 
the liver edge, by extravasated contrast material. Con- 
trast material extravasated in the peritoneal space has 
a homogeneous and cloudlike appearance (Fig. 6-68). 
A horizontal rent along the peritonealized dome of the 
bladder, the mechanically weakest site, is the usual 
location of the bladder defect. Blunt trauma in a patient 
with a distended bladder is usually the cause, and pelvic 
fractures accompany this form of bladder rupture in 
75% of patients. 

In addition to its excellent sensitivity and specificity 
for the detection of bladder rupture (both approach 
100%), CT is also valuable in the detection of pelvic 
fractures and soft-tissue injuries. It is important that 
the bladder is actively distended with contrast material 
because this condition optimizes the sensitivity and 
sensitivity of CT cystography. This distention can be 
accomplished by direct instillation of a dilute contrast 
solution into the bladder (300 to 400 mL) through a 
catheter via gravity. Note that obtaining delayed CT 
images of the bladder after the Foley catheter has been 
clamped and the bladder has passively filled with 
excreted contrast material may not be sufficient to 
exclude bladder injury. In addition, remember that ure- 
thral injury should be excluded before catheterization 
of the bladder. CT images are acquired with the bladder 
distended, and it is not usually necessary to obtain 
postvoid or postdrainage images at CT evaluation. 


BOX 6-17 Neuromuscular Disorders of the Lower 
Urinary Tract 


Spastic bladder 
Detrusor hyperreflexia and sphincter synergy 
Central nervous system disease or local bladder or pelvic 
irritation 
Sphincter dyssynergia 
Detrusor hyperactivity and bladder-sphincter dyssynergia 
Flaceid bladder 
Detrusor areflexia with or without infravesical obstruction 
caused by bladder prolapse 
Injury or disease of the conus, cauda equina, sacral nerve 
roots, or peripheral nerves 


The distribution of extravasated fluid and contrast 
material in the pelvis and abdomen is crucial for clas- 
sifying the bladder rupture as either intraperitoneal or 
extraperitoneal. Intraperitoneal fluid may collect in the 
midline pelvis within the rectouterine Douglas pouch 
(pelvic cul-de-sac) in women, or rectovesical space in 
men. It also may be found in the lateral pelvic recesses 
superior to the bladder and in the paracolic gutters or 
around loops of small bowel (Fig. 6-69). Extraperitoneal 
pelvic fluid can be found in the prevesical, perivesical, 
or retrorectal spaces (Fig. 6-70). Fluid superior to the 
bladder in the prevesical space may extend superiorly 
and anteriorly to the level of the umbilicus. 


Neuromuscular Disorders 


Neuromuscular disorders of the lower urinary tract 
stem from lesions of the cerebrum, spinal cord, or 
peripheral nerves, which compromise normal bladder 
accommodation or micturition. A neurogenic or neuro- 
pathic bladder has lost the capacity to fill, store, or 
empty urine under voluntary control because of a neu- 
romuscular disorder. Several pathophysiologies of neu- 
rogenic bladder have been described, and one or a 
combination of these mechanisms may explain the 
bladder dysfunction in patients (Box 6-17). Detrusor 
hyperactivity manifests by involuntary bladder con- 
tractions that cause phasic increases in detrusor pres- 
sure. These intermittent contractions interfere with 
bladder relaxation during urine collection and compro- 
mise the storage function of the bladder. When caused 
by a neurologic disease, bladder hyperactivity is termed 
detrusor hyperreflexia; when idiopathic, it is referred 
to as detrusor instability. Hyperactivity also may be 
secondary to reduced bladder compliance. Injury to the 
lower motor neurons that innervate the bladder (i.e., 
the preganglionic and postganglionic parasympathetic 
neurons) results in detrusor areflexia. This adynamic 
bladder is also referred to as a flaccid or motor para- 
lytic bladder. Synergy refers to the coordinated relax- 
ation of the urethral sphincters that occurs during 
bladder contraction. Striated sphincter dyssynergia and 
smooth sphincter or bladder-neck dyssynergia are the 
inappropriate contraction of the external and internal 
sphincters, respectively. 

The clinical expression of neuromuscular disorders 
includes incontinence, pressure, urgency, frequency, 
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FIGURE 6-68 Intraperitoneal bladder rupture. A and B, Conventional cystograms from two different patients with 
intraperitoneal bladder rupture. Described as cloudlike, extravasated contrast material outlines bowel loops and can 
be seen in the lateral paravesical recesses (arrows) and paracolic gutters. (Case courtesy John J. Cronan, M.D.) 


and urinary retention. Urinary incontinence is the 
involuntary loss of urine. Different types of urinary 
incontinence—described based on the pattern, cause, 
or pathophysiology of the involuntary urine loss—are 
stress, precipitous, continuous, and overflow urinary 
incontinence. Urgency is the strong desire to void, 
either because of discomfort (pressure) or because of 
the fear of involuntary urine loss. 

Lesions of the anteromedial frontal lobes, those of 
the medial aspect of the sensorimotor cortex, and some 
lesions of the cerebellum and basal ganglia may cause 
neuromuscular disorders of the lower urinary tract 
through their effect on the pontomesencephalie mictu- 
rition center. The functional effect of the cerebrum on 
the brain stem micturition center is one of detrusor 
muscle inhibitions. Loss of inhibition may result in 
detrusor hyperreflexia, but the micturition reflex 
remains intact, and there is sphincter synergy. Cerebral 
infarction, neoplasm, penetrating brain trauma, Parkin- 
son disease, dementia of the Alzheimer type, multiple 


sclerosis, and normal-pressure hydrocephalus are the 
more common etiologies of the so-called uninhibited 
neurogenic bladder. Involuntary detrusor contraction 
is the most common cause of precipitous incontinence 
in elderly patients, but it does not always result from 
cerebral or cerebellar disease. Spastic bladder may also 
result from local bladder or pelvic irritation by infec- 
tion, inflammation, fecal impaction, neoplasms, uterine 
prolapse, or prostatic hypertrophy. Bladder hyperre- 
flexia may manifest radiographically as serrations of the 
bladder mucosa, which are seen earliest along the pos- 
terior bladder wall, or as a prominent interureteric 
indentation (Fig. 6-71). Bladder serration during voiding 
correlates well with cystometric evidence of bladder 
contraction. Bladder capacity is small because of uncon- 
trolled contractions, and the contour of the bladder is 
persistently rounded. The bladder wall is usually 
smooth; bladder trabeculation is unusual with this form 
of neurogenic bladder but may be seen occasionally in 
patients with long-standing disease. 
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Intraperitoneal bladder rupture.[AJ Computed tomography of a trauma patient shows focal thickening 
of the anterior bladder wall that extended to the bladder dome (arrow). B, When the bladder is filled with contrast, 
a full-thickness defect is seen in the anterior aspect of the bladder dome (arrow). C, Extravasated contrast material 
from the bladder is present in the rectouterine Douglas pouch (asterisk) and surrounds small bowel loops (long black 
arrow). Fallopian tube occlusion devices are incidentally noted (short arrows). D, Extravasated contrast material is 
also seen tracking along the paracolic gutters (arrows). 


Injuries of the spinal cord at or above T12 result in 
a pattern of neuromuscular dysfunction typified by 
detrusor hyperreflexia and bladder-sphincter dyssyner- 
gia. Patients with these disorders have no bladder sen- 
sation and cannot voluntarily initiate micturition. 
Incontinence results because of either low-volume 
bladder hyperreflexia or urinary retention and overflow 
incontinence (Fig. 6-72). In addition to posttraumatic 
spinal cord injury, patients with multiple sclerosis and 
10% of patients with lumbar disc disease may have this 
type of neuromuscular injury. Radiographic findings 
include those associated with bladder hyperreflexia and 
marked bladder-neck dilatation during detrusor con- 
tractions resulting from striated sphincter dyssynergia. 
Secondary bladder and upper tract changes are more 
likely to occur when bladder-outlet obstruction and 
high-pressure detrusor dysfunction are long-standing. 
With chronic bladder-outlet obstruction, detrusor 
hypertrophy and bladder trabeculation may occur. 
Stones may form within the bladder or on foreign 


bodies, such as an indwelling Foley catheter. SCC is 
more likely to occur in the neurogenic bladder, particu- 
larly in the setting of bladder stones and chronic cysti- 
tis. Upper tract sequelae of neurogenic bladder include 
ureterectasis, vesicoureteral reflux, and loss of renal 
parenchymal tissue as a result of stone disease, reflux, 
or obstruction. 

Disease of the conus medullaris, cauda equina, sacral 
nerve roots, or peripheral nerves may result in loss of 
bladder sensation and contraction, the so-called auton- 
omous neurogenic bladder. Extensive injury to the 
pelvic nerves may complicate abdominoperineal resec- 
tion or radical hysterectomy, or result from diabetic 
neuropathy, alcoholic neuropathy, or tumor infiltration 
(Fig. 6-73). Detrusor inadequacy implies insufficient 
detrusor tone to overcome normal intraurethral resis- 
tance. Vesical pressures may exceed intraurethral pres- 
sures only at high bladder volume, resulting in overflow 
incontinence. The volume of the flaccid bladder can be 
increased moderately to markedly. Although a smooth 
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Extraperitoneal bladder rupture.|A]A defect is present 
in the anterior wall of the bladder with extravasation of contrast into 
the prevesical space on this computed tomography cystogram per- 
formed on a trauma patient. Note the pubic ramus fracture (arrow). 
B, Accumulation of contrast is seen in the right perivesical space. 


Bladder hyperreflexia in a patient with multiple scle- 
rosis who presented with frequency, urgency, and urge incontinence. 
Cystometry showed uninhibited detrusor contractions. Cystographic 
phase of an intravenous urogram shows a rounded and slightly 
trabeculated bladder with prominent interureteric indentations 
(arrows). 


Patient with chronic urinary retention and overflow 
incontinence. The bladder neck appeared normal at cystoscopy, but 
cystometry revealed smooth sphincter dyssynergia. Cystogram dem- 
onstrates a markedly distended bladder, which contained 5 L of 
urine. (Arrows = extensive calcification of the seminal vesicles.) 


Autonomous neurogenic bladder as a result of sacral 
and peripheral nerve invasion caused by metastatic endometrial car- 
cinoma. Computed tomography scan demonstrates destruction of the 
lower sacrum and infiltration of the pelvic soft tissues by tumor. 
There is dilatation of the bladder caused by areflexia and infravesical 
obstruction. 


bladder with a large capacity is the typical appearance 
of a flaccid bladder, other patterns can occur. Once 
described as typical for the lower motor neuron type of 
bladder lesion, the pine-tree or pinecone configuration 
can be found in patients with either detrusor hyperre- 
flexia or detrusor areflexia. The pathogenesis of the 
pine-tree configuration is infravesical obstruction and 
impaired bladder sensation. During severe overdisten- 
tion, focal weak areas of the bladder yield, leading to 
trabeculation, sacculation, and eventually the pine-tree 
configuration (1 | 
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Stress incontinence more often is the manifestation 
of inadequacy of one or both of the urethral sphincters 
than of a neuromuscular disorder. It most often occurs 
when a sudden increase in intraabdominal pressure 
results in an unequal transmission of pressure to the 
bladder and the urethra. When support to the bladder 
neck is lost so that it descends to a position outside the 
abdominal cavity (cystocele), intravesical pressure may 
transiently exceed urethral pressure with stress, and 
urine leakage will occur. In women, diminution of stri- 
ated muscle tone associated with aging, multiparity, or 
surgery (particularly vaginal hysterectomy) can cause 
pelvic floor dysfunction. Pelvic floor dysfunction 
(including cystocele and urethral hypermobility) can 
be demonstrated at conventional cystography; however, 
dynamic MRI of the pelvic floor has emerged as an 
excellent tool to provide comprehensive evaluation of 
the pelvic floor without the use of ionizing radiation. 

MRI can depict abnormalities of the anterior 
compartment (urinary bladder and urethra) while 


FIGURE 6-74 Pine-tree bladder. Anteroposterior view from a cysto- 
gram demonstrates an elongated and trabeculated bladder. There is 
left vesicoureteral reflux. Upper tract sequelae of chronic neurogenic 
bladder include ureterectasis, reflux, and loss of renal parenchymal 
tissue. 


TABLE 6-3 Grading of Stress Incontinence 


also showing coexistent abnormalities in the middle 
compartment (vagina and uterus) and posterior com- 
partment (anorectal) that may influence surgical man- 
agement. On dynamic MRI, the bladder neck should be 
above the pubococcygeal line (drawn from the superior 
margin of the pubic symphysis to the lowest horizontal 
or fixed coccygeal joint). During maximal strain, descent 
of the bladder neck and urethral hypermobility can be 
well demonstrated on MRI (see Fig. 6-42). 

Radiographically, the normal bladder base is at or 
cephalad to the level of the superior margin of the pubic 
symphysis, and it may descend as much as 1.5 cm with 
stress. Women with stress incontinence may have a 
bladder neck that is closed at rest but is low lying. With 
stress, the bladder neck and proximal urethra will 
descend more than 2 cm and may open (Table 6-3 and 
Fig. 6-75). Surgical management of patients with stress 
incontinence caused by abnormal bladder descent 
includes a variety of sling and bladder-neck-suspension 
procedures. 

The other mechanism by which stress incontinence 
occurs is incompetence of the urethral sphincter result- 
ing from weakness or deformity. Sphincter weakness 
may be caused by periurethral inflammation, lumbosa- 
cral spondylolisthesis, lesions of the cauda equina, or 
peripheral neuropathy. Sphincter deformity most often 
is a complication of surgery and is the most common 
cause of urinary incontinence in men. After radical 
prostatectomy, 5% to 10% of men become incontinent. 
Radiographically, the weakened female urethral sphinc- 
ter is diagnosed when an upright cystogram demon- 
strates an open proximal urethra at rest in the absence 
of a detrusor contraction. Surgical treatment options 
include injectable bulking agents (Fig. 6-76), sling pro- 
cedures, and placement of an inflatable artificial ure- 
thral sphincter. 


Urachal Anomalies 


The urachus is the tapered, ventrocephalic terminus of 
the fetal bladder, which communicates with the allan- 
tois at the level of the umbilicus (Box 6-18). It under- 
goes spontaneous closure by the middle of the second 
trimester, and the median umbilical ligament is its 
obliterated, fibrous remnant. The urachus is an extra- 
peritoneal structure that is bordered anteriorly by the 
transversalis fascia and posteriorly by the peritoneum. 
Histologic study of urachal remnants reveals an epithe- 


At Rest With Stress (Cough/Valsalva) 
Type BB Shape BN-PU BN-PU Location BN-PU Opens? BN-PU Descends? Urine Leak 
0) Flat Closed At or above SM/SP nes Yes No 
I Flat Closed At or above IM/SP Yes <2 cm Yes 
IIA Flat Closed Above IM/SP Yes 22 cm Yes 
IIB Flat Closed Below IM/SP Yes May not Yes 
Il Cone shape Open 


Adapted from Blaivas JG, Olsson CA. Stress incontinence: classification and surgical approach. J Urol. 1988;139:727-731. 
BB, Bladder base; BN-PU, bladder neck-posterior urethra; IM/SP, inferior margin of the symphysis pubis; SM/SP, superior margin of the symphysis pubis. 
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Type IIA stress incontinence [A] At rest, a lateral view 
of the bladder shows the bladder base 0.8 cm below the superior 
margin of the pubic symphysis (horizontal line). A urethral catheter 
(small arrows) denotes the bladder neck. B, With straining, the 
bladder base descends 5.5 em (vertical line) below the superior 
margin of the symphysis (horizontal line), and there was leakage of 
urine. 


BOX 6-18 Urachus 


Channel between the fetal bladder and the umbilicus that 
typically undergoes spontaneous closure by the middle of 
the second trimester 

Median umbilical ligament is a fibrous remnant of the obliter- 
ated urachus 

Anomalies of closure: patent urachus, urachal sinus, urachal 
diverticulum, and urachal cyst 

Often discovered because of secondary infection 

Urachal adenocarcinoma: low-attenuation components result- 
ing from mucin; dystrophic calcification in 70%; poor prog- 
nosis with early transmural invasion 


lial lining of transitional cells, although columnar meta- 
plasia is seen in one third of specimens. 

There are four anomalies of urachal closure, namely, 
patent urachus, urachal sinus, urachal diverticulum 
(Fig. 6-77), and urachal cyst. Congenital anomalies of 


Transverse and longitudinal (B) ultrasound 
images show echogenic material (arrows) at the level of the bladder 
neck and proximal urethra in this patient treated with a periurethral 
silicone bulking agent for urinary incontinence. 


the lower urinary tract often occur with the urachal 
anomalies. For example, patent urachus may occur 
with posterior urethral valves or complete urethral 
atresia. Urachal diverticulum is more common in 
patients with bladder-outlet obstruction and may be 
complicated by stone formation or carcinoma (Fig. 
6-78). Infection, the most common complication of 
the urachal remnant, often precipitates its clinical 
presentation. 

Urachal carcinoma is a rare malignancy. Nearly 90% 
of urachal malignancies are adenocarcinomas, and one 
third of all primary bladder adenocarcinomas originate 
from urachal tissue. Discharge of blood or mucus from 
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Urachal diverticulum demonstrated by intravenous 
urography. This coned-down, oblique view shows contrast material 
in a cone-shaped diverticulum (open arrow) arising from the apex of 
the bladder. 


the umbilicus may occur, and the discovery of gross or 
microscopic mucus in the urine suggests the diagnosis. 
The location of the urachal tumor is supravesical and 
often midline, immediately posterior to the linea alba. 
In 60% of patients, the urachal adenocarcinoma con- 
tains low-attenuation components attributed to collec- 
tions of mucin, and in 70% of patients, dystrophic 
calcification can be seen (Fig. 6-79). The prognosis for 
patients with urachal adenocarcinoma is worse than for 
those with other bladder carcinomas because local 
invasion frequently has occurred before the diagnosis 
is made. 


Urinary Diversions 


Urinary diversions are surgical procedures designed to 
redirect the flow and collection of urine from the 
bladder. The four most common clinical indications for 
urinary diversion are the following: (1) management of 
muscle-invasive bladder cancer; (2) loss of the storage 
function of the bladder because of neurogenic bladder 
or congenital anomalies of the lower urinary tract; 
(3) medically or psychosocially incapacitating urinary 
incontinence; and (4) intractable symptoms referable 
to bladder abnormalities. 

As the paradigm for refluxing, noncontinent urinary 
diversion, the ileal conduit uses a short segment of 
distal ileum for collection of urine. Typically, this 
segment is supplied by the ileocolic artery or a suitable 
large branch of the terminal superior mesenteric artery. 
One end of the isolated ileal segment is closed and is 
secured to either the sacral promontory or the retro- 
peritoneum near the aortic bifurcation. The other end 
drains externally through a stoma typically placed in 
the right lower quadrant. This configuration permits 
continuous drainage of urine into a collecting device 
attached to the skin. End-to-side ureteroileal anastomo- 
ses are made approximately 2 to 3 em from the closed 


Urachal diverticulum on computed tomography (CT). 
A,|Axial CT image shows a focal outpouching (arrow) from the ante- 
rior aspect of the bladder apex. B, A stone (arrow) is seen within a 
urachal diverticulum. 
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AJ A low-attenuation nodule (arrow) is seen at the 
level of the umbilicus in a patient who presented with an enlarging 
periumbilical nodule, initially thought to be an umbilical hernia on 
physical examination. B, Coronal computed tomography image shows 
a lobulated, multicystic, low-attenuation mass arising from the 
bladder apex. Low-grade mucinous adenocarcinoma arising from a 
urachal diverticulum was diagnosed at surgery. 


end of the loop. Unless an antireflux mechanism is 
created, free vesicoureteral reflux is expected. To com- 
plete the anastomosis between the ileal loop and the 
left ureter, the latter must pass under the base of the 
sigmoid mesentery, so it is more likely than the right 
ureter to be angulated or under tension. 

The radiologist must be aware of several complica- 
tions of ileal conduit urinary diversion surgery, which 
can be classified by the expected time of occurrence 
(Box 6-19). Early postoperative complications include 
obstruction and extravasation of urine. Both of these 
complications occur most often at the ureteroileal anas- 
tomosis, although extravasation may also be seen from 
the base of the ileal loop. Late complications include 
chronic pyelonephritis, stone disease, malignancy, and 
urinary obstruction caused by stenosis of the ureter, 
loop, or stoma. Chronic pyelonephritis occurs in 10% 
to 33% of patients and results from either chronic 
obstruction or reflux. Urinary tract infection plays a 
central role in the development of nephrolithiasis, 


BOX 6-19 Ileal Loop Complications 


EARLY 

Obstruction (often at the ureteroileal anastomosis) 

Extravasation (ureteroileal anastomosis or at base of the ileal 
loop) 


LATE 


Chronic pyelonephritis (resulting from chronic obstruction or 
reflux) 

Nephrolithiasis 

Obstruction (stenosis of ureter, ileal loop, or stoma) 


which occurs in approximately 5% of diverted patients. 
Stone impaction causing obstruction at a narrowed ure- 
teroileal anastomosis is a common presentation. Ure- 
teral stricture resulting from fibrosis is a relatively late 
complication with an incidence rate of 5% to 7%. Pre- 
disposing factors include ischemia, radiation therapy, 
and urine extravasation. In nearly 20% of patients 
undergoing cystectomy for bladder cancer, severe ure- 
teral epithelial atypia occurs. In up to 33% of patients, 
metachronous urothelial cancer in the ureter or renal 
pelvis may develop after cystectomy and urinary diver- 
sion. This complication should be suspected in any 
patient with ureteral stenosis, and it may be either an 
early or a late complication. 

Conventional IVU or CT urography can be used to 
assess for ureteral dilatation and the presence of extrav- 
asation following ileal conduit urinary diversion surgery 
(Fig. 6-80). When extravasation or an abscess is identi- 
fied, CT can be used to direct percutaneous drainage. 
Direct contrast instillation into the ileal loop is not 
performed routinely during the immediate postopera- 
tive period, although it is a valuable examination any 
time thereafter when stenosis at the ileoureteral anas- 
tomosis is suspected. Renal ultrasonography, MR, or CT 
may be used to follow renal parenchymal changes. 

The continent urinary diversion is increasingly being 
used because it removes the stigma of an external col- 
lection appliance and provides an effective alternative 
for the patient who is unable to maintain dryness with 
a conduit diversion. Some continent diversions involve 
the creation of a pouch to collect urine that opens to 
the abdominal wall and is drained by intermittent self- 
catheterization, while others involve the construction 
of a neobladder that permits emptying through the 
urethra. The goals of the continent diversion are to 
create (1) a continence mechanism permitting facile 
intermittent emptying by self-catheterization; (2) a 
large-capacity (0.5 to 1 L) and low-pressure reservoir 
for urine collection; and (3) an antireflux mechanism 
at the anastomosis of the pouch and ureter. Continent 
reservoirs can be constructed from the terminal ileum 
and cecum together (Indiana, King, Mainz, and Penn 
techniques) or from the small bowel alone (Kock and 
Camey techniques). Incontinence, excessive leakage of 
urine at the stoma, stone formation in the reservoir 
(Fig. 6-81), and difficulty with catheterization are the 
most common late complications and may occur in up 
to 18% of patients. Early and other late complications 
are similar to those described for the ileal loop. 
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Ileal conduit in the postoperative period. A, Routine intravenous urogram performed 6 days after 
construction of an ileal loop shows mild ureteropyelocaliectasis. The ileal loop also is dilated and is edematous. There 
is an adynamic ileus. B, Three months later, repeat urogram demonstrates a normal collecting system and ileal loop. 


Stones within an Indiana pouch continent urinary diversion. A, Several stones with a spiked appear- 
ance (jack stones) are present within the pouch in the right side of the abdomen. B, Sagittal image shows an ileal 
segment (arrow) extending from the pouch (created from the terminal ileum and cecum) to a stoma in the perium- 
bilical region. Laser lithotripsy was subsequently performed. 
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BOX 6-20 Urethral Stricture 


INFECTIOUS OR INFLAMMATORY 


Nongonococeal, gonococeal, or rarely tuberculous urethritis 
Bulbar urethra 
Multiple and serial strictures 


IATROGENIC (SURGERY, INSTRUMENTATION, 
CATHETERIZATION) 


Membranous urethra or penoscrotal junction 


TRAUMATIC 


Occurs after complete rupture 
Solitary, short stricture 


== PATHOLOGIC CONDITIONS AFFECTING 
THE URETHRA 


Stricture of the Urethra 


The etiology of a urethral stricture is best determined 
from the clinical history and the patient’s age (Box 
6-20). Retrograde urethrography is the imaging study 
of choice for the evaluation of urethral strictures. The 
purpose of the radiographic evaluation is to assess the 
length, location, multiplicity, and severity of the ure- 
thral stricture, and to identify concomitant lesions that 
may complicate urethral obstruction. 


Gonococcal and Nongonococcal Urethritis 


Sexually transmitted infection of the male urethra 
with Neisseria Sonorrhoeae begins in the mucosa and 
periurethral Littré glands. Mucosal infection causes 
symptoms of dysuria and urethral discharge, but the 
presence and severity of these symptoms vary. Local 
extension of the infection to the posterior urethra, 
seminal vesicles, or epididymis occurs frequently in the 
untreated patient and rarely may occur in the patient 
who seeks prompt treatment. Nongonococcal urethritis 
(NGU) is diagnosed when urethral inflammation is 
present but N. gonorrhoeae cannot be detected by stain 
or culture. Chlamydia trachomatis and Ureaplasma 
urealyticum are most commonly cited as the cause of 
NGU, although other less common pathogens may also 
be responsible. The course of NGU is more chronic and 
indolent than that of gonococcal urethritis, and compli- 
cations including postinflammatory stricture, periure- 
thral abscess, and periurethral fistula are less common 
with NGU. 

Stricture formation after an adequate course of 
appropriate antibiotics is thought to be uncommon. 
When a patient has persistent or recurrent urethritis 
that appears to be unresponsive to antimicrobial treat- 
ment, urethral stricture, or one of its complications, 
and prostate infection should be investigated. The prox- 
imal bulbar urethra is the site of stricture in 70% of 
patients with gonococcal urethritis because of the 
rather high concentration of periurethral glands in this 
area and the dependent position of this portion of the 
male urethra. Infectious strictures can be multiple and 
short or several centimeters long. Serial strictures are 
common. The Littré glands may be opacified on ure- 
thrography in the presence of infectious strictures 


FIGURE 6-82 Urethral strictures after gonococcal urethritis. Retro- 
grade urethrogram demonstrates serial, short strictures of the ante- 
rior urethra. Urethral stricture resulting from infection or inflammation 
tends to be multiple and tends to involve the bulbar urethra. Cowper 
duct (arrowhead) and glands of Littré (open arrow) are opacified. 
(Case courtesy Mark S. Ridlen, M.D.) 


because of inflammatory dilatation of duct ostia. Back- 
filling of ducts or glands that empty into the urethra 
proximal to a stricture may be an important clue to the 
urodynamic significance of a stricture (Fig. 6-82). In 
addition to urethral strictures, fistulous tracts may 
develop between the urethra and the periurethral soft 
tissues, perineum, and scrotum in patients who are 
incompletely treated or ineffectively treated due to the 
presence of multidrug-resistant strains of gonorrhea; 
this produces the watering-can perineum (Fig. 6-83). 
Finally, gonococeal urethritis may incite mucosal 
hyperplasia, resulting in polypoid urethritis or urethri- 
tis cystica, which appears as flat, nodular filling defects 
that may be difficult to distinguish from carcinoma. 


Tuberculous Urethritis 

Urethral inflammation caused by Mycobacterium 
tuberculosis is reported to occur in only 2% of men with 
upper urinary tract tuberculosis. Antecedent traumatic 
or infectious urethral stricture is thought to be neces- 
sary for its development. However, direct extension of 
tuberculosis from the prostate gland to the prostatic 
urethra or from the perineal tissues to the bulbar 
urethra has been reported. Advanced tuberculosis of 
the urethra and periurethral tissues can produce the 
watering-can perineum, similar to incompletely or inef- 
fectively treated gonococcal infection (Fig. 6-83). 


Iatrogenic Stricture 


Stricture formation may complicate urethral surgery, 
instrumentation, or catheterization. Iatrogenic stric- 
tures most often occur in parts of the urethra that 
are anatomically fixed and narrow (i.e., membra- 
nous urethra, penoscrotal junction of the anterior 
urethra). No characteristic radiographic appearance 
of these strictures has been established; an iatrogenic 
stricture can be focal and short, multifocal, or long 
(Fig. 6-84). 
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Watering-can perineum. In a patient with incom- 
pletely treated gonococcal infection, fistulas are seen between the 
bulbar urethra and the perineum and scrotum (long white arrows) 
with pooling of contrast in these locations (asterisks). Several addi- 
tional fistulas are seen in the posterior urethra. Note the extensive 
opacification of the Littré glands secondary to inflammatory dilata- 
tion of the duct ostia (short black arrow). 


x ' 


Strictures of the urethra after instrumentation. Two 
strictures (arrows) of the membranous urethra developed several 
months after multiple failed attempts to catheterize the bladder. 
Iatrogenic strictures tend to occur where the urethra narrows. 


Trauma 


Traumatic urethral stricture usually occurs after a 
straddle injury that has resulted in complete transec- 
tion of the urethra, whereas partial laceration of the 
urethra is more likely to heal without significant nar- 
rowing. As many as 97% of patients with injuries to the 
posterior urethra develop strictures requiring repeated 
dilatations or urethroplasty, regardless of initial treat- 
ment. The stricture that develops is usually solitary, 
less than 2 cm in length, and flanked by segments of 
urethra that are normal in caliber (Fig. 6-85). Typically, 
these strictures form more rapidly than inflammatory 
strictures. 


Neoplasm 

Stricture formation rarely is the sole manifestation of a 
urethral carcinoma. However, carcinoma should be sus- 
pected when stricture formation occurs in an elderly 
patient with no previous medical history of urethral 
surgery, instrumentation, or infection. MRI may be 
useful in showing the extent of a urethral neoplasm 
(discussed later in the chapter). 


Complications of Urethral Stricture 


When severe, stricture formation can result in symp- 
toms of urethral obstruction that prompt the patient to 
seek medical attention. Urethral obstruction may cause 
several complications that can overshadow the inciting 
stricture (Box 6-21). Periurethral abscess and pseudo- 
diverticula may form on the high-pressure side of the 


Traumatic stricture of the urethra. Retrograde ure- 
throgram demonstrates a focal, tight stricture of the bulbar urethra 
that developed 4 weeks after a straddle injury. 


BOX 6-21 Complications of Urethral Obstruction 
Secondary to Stricture 


Periurethral abscess 
Pseudodiverticula 

Fistula 

Extravasation of urine 

Venous intravasation 

False passages 

Backfilling of ducts and glands 
Urethral stones 
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FIGURE 6-86 Pseudodiverticulum and scrotal fistulas after urethroplasty. Oblique (A) and anteroposterior (B) images 
from retrograde urethrography show a wide-mouthed diverticulum that originates from the bulbar urethra (small 
arrows). Unlike the normal bulbar urethra, the diverticulum has an indistinct margin on the oblique view. At surgery, 
linear and globular contrast collections (open arrows) were scrotal fistulas. 


stricture (Fig. 6-86). Urethral stones may develop in 
situ proximal to a stricture; however, migration of a 
stone from the kidneys or bladder into the urethra is 
much more common (Fig. 6-87). Fistula formation (see 
Fig. 6-86), urinary extravasation, or venous intravasa- 
tion may also occur, and any of these can be demon- 
strated readily with dynamic retrograde or micturition 
urethrography. False passages are tracts that exit one 
part of the urethra, extend through the periurethral soft 
tissues, and reenter an adjacent segment of the urethra. 
These tracts develop after surgery or attempted dilata- 
tion of a stricture. 


Traumatic Injury to the Urethra 


Injury to the male urethra should be suspected in a 
patient who is unable to void after pelvic trauma, when 
the bladder is distended on physical examination, and 
particularly when there is blood at, or bleeding from, 
the urethral meatus. Transurethral catheterization of 
the bladder without confirming urethral integrity is 
strongly discouraged because blind catheterization may 
complete a partial urethral tear or may enlarge a hema- 
toma. Retrograde urethrography can be performed 
safely in the setting of pelvic trauma and is a reliable 
method for establishing and characterizing urethral 
injury in male patients. By contrast, rupture or avulsion 
of the female urethra is observed only after very severe 
pelvic injury, likely because it is short and relatively 
mobile. Traditionally, traumatic injury to the male 
urethra has been described by location because the 
pathophysiology of posterior urethral injury differs 
from that of anterior urethral injury. 


Posterior Urethra 


Trauma to the posterior urethra occurs in approxi- 
mately 10% of patients with fractures of the anterior 


bony pelvis. The shear force associated with pelvic frac- 
tures may disrupt the urethra and may cause severe 
injury to other parts of the lower genitourinary tract. 
Initially, the posterior urethral laceration may be 
managed by urethral realignment with a urethral cath- 
eter or with bladder drainage by a suprapubic catheter. 
Urethroplasty can be performed at a later time. Retro- 
grade urethrography with steep oblique views is the 
initial diagnostic study of choice, although posterior 
urethral injuries can be imaged with CT or MRI. The 
goal of the radiologic evaluation is to assess the integ- 
rity of the urethra and, if there is urethral rupture, to 
identify its site and determine its severity. 

Colapinto and McCallum have proposed one classifi- 
cation system of posterior urethral injuries based on 
the presence and pattern of contrast extravasation 
(Table 6-4). Injury that produces urethral contusion or 
laceration but does not involve the full thickness of the 
urethral wall is referred to as a type 1 injury. On ure- 
thrograms, the posterior urethra appears intact but 
may be elongated. In type 2 injury the urethral rupture 
occurs at the apex of the prostate, which spares the 
urogenital diaphragm. With urethrography, extrava- 
sated contrast material is localized to the retropubic 
extraperitoneal space above the urogenital diaphragm, 
and the bulbar urethra is intact (Fig. 6-88). In type 3 
injury, the most common variety, the urogenital dia- 
phragm is disrupted, and extravasated contrast material 
is permitted to collect in the perineum. In addition to 
rupture of the posterior urethra at the apex of the pros- 
tate, there is frequently concomitant injury to the 
bulbar urethra (Fig. 6-89). Goldman et al expanded 
upon the Colapinto and McCallum classification scheme 
with the following additions: type IV injuries involve the 
bladder neck with extension into the urethra (sphincter 
injury is a concern); type IV-A injuries involve the 
bladder base with periurethral extravasation (mimic a 


The Lower Urinary Tract 237 


d 


Urethral stone on computed tomography (CT) and 
retrograde urethrography in a patient with a urethral stricture. A, On 
CT, a calcification (arrow) is seen in the midline near the base of the 
penis. B and C, Retrograde urethrography confirms the presence of 
a stone (arrow) that had formed in situ proximal to a tight stricture 
of the bulbar urethra. 


Compression and displacement of the bladder because 
of pelvic hematoma and urinoma. Left posterior oblique view from a 
cystogram shows extrinsic compression of the bladder and extravasa- 
tion of contrast from a type II complete tear of the posterior urethra. 


Type 3 complete tear of the posterior urethra. Retro- 
grade urethrogram demonstrates extravasation of contrast material 
into the perineum from the prostatic urethra. There also is a tear of 
the bulbar urethra. Type 3 tear is likely the most common injury in 
patients with urethral transection resulting from pelvic fracture. Note 
diastasis of the symphysis pubis. 
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TABLE 6-4 Classification of Injury to the Male Posterior Urethra* 


Injury to Membranous 


Findings with Dynamic Retrograde Urethrography 


Contrast Extravasation Contrast Extravasation 


Type of Injury Urethra Bulbar Urethra in Perineum in Retropubic Space 
I Contusion or partial tear Stretched or normal No No 
II Complete rupture above UGD Stretched or normal No Yes 
HI Complete rupture above and Ruptured Yes No 
below UGD 


Adapted from McCallum RW, Colapinto V. Urological Radiology of the Adult Male Lower Urinary Tract. Springfield, IL: Charles C Thomas; 1976. 
*Goldman et al expanded upon the Colapinto and McCallum classification scheme with the following additions: type IV injuries involve the bladder neck with 
extension into the urethra (sphincter injury is a concern); type IV-A injuries involve the bladder base with periurethral extravasation (mimic a type IV injury); 


and type V injuries involve the anterior urethra. 
UGD, Urogenital diaphragm. 


type IV injury); and type V injuries involve the anterior 
urethra. 

In addition to identifying the site of urethral injury, 
the severity of partial or complete laceration can also 
be assessed at retrograde urethrography. Partial or 
incomplete posterior urethral rupture is implied when 
some retrograde filling of the bladder is achieved during 
urethrography. When extravasation from the posterior 
urethra occurs and when the bladder cannot be filled, 
the laceration is assumed to be complete. Type 2 inju- 
ries of the posterior urethra can be either partial or 
complete; however, type 3 injuries usually are com- 
plete. The distinction between partial and complete 
laceration is important because complete rupture, 
which is about two times as common as partial lacera- 
tion, is more likely to heal with formation of a short 
(<2 em) stricture. Urethroplasty frequently is required 
for repair. By contrast, partial lacerations often heal 
uneventfully. If stricture does form after partial rupture, 
it can be repaired by dilatation or urethrotomy in most 
patients. The most serious consequences of traumatic 
disruption of the posterior urethra or its management 
are impotence and incontinence, which occur in 12% 
and 2% of patients, respectively, even with optimal 
treatment of the urethral injury. 


Anterior Urethra 


Injury to the anterior urethra may follow blunt trauma 
in which the bulbar urethra and corpus spongiosum are 
crushed against the inferior aspect of the pubic bones. 
Pelvic fracture typically is not associated with these 
straddle injuries. The most common cause of anterior 
urethral injury is iatrogenic, such as after instrumenta- 
tion or attempted catheterization. As with posterior 
urethral injuries, the severity of anterior urethral lac- 
erations can be classified as partial or complete. In 
partial injury, contrast-material extravasation is seen 
during urethrography, but some continuity of the 
urethra is maintained, and the urethra proximal to the 
injury site can be opacified (Fig. 6-90). An abrupt dis- 
continuity of the urethra at the site of extravasation is 
seen in complete urethral rupture, and no contrast 
material flows into the proximal urethra. In either situ- 
ation, prominent opacification of the penile corpora 
and draining veins can be confusing if not anticipated. 
Stricture can complicate the healing of partial or com- 
plete anterior urethral lacerations. 


a 


FIGURE 6-90 Partial tear of the anterior urethra after blunt trauma 
to the perineum. Retrograde urethrogram demonstrates extravasa- 
tion of contrast material into the corpus spongiosum (open arrow) 
and the corpus cavernosum (solid arrow) from a tear of the penile 
urethra. 


BOX 6-22 Filling Defects in the Urethra 


COMMON 


Calculus 
Polyp 


UNCOMMON 


Carcinoma 
Condylomata acuminate 
Polypoid urethritis 
Malacoplakia 

Urethritis cystica 
Metastases 

Amyloidosis 


Filling Defects in the Urethra 


Common and uncommon causes of filling defects in the 
urethra are listed in Box 6-22. 


Urethral Stone Disease 


Urethral calculi most often occur when renal or bladder 
stones migrate into the urethra. These migrant stones 
are 10 times more common than stones that form de 
novo in the urethra. Migrant stones are more likely to 
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Urethral calculus in a diverticulum. A, This coned-down radiograph shows an oval calcification (arrow) 
overlying the pubic symphysis. B, Double-balloon urethrogram demonstrates two diverticula in the midurethra. The 
stone is a faint filling defect (arrow) in the left-sided diverticulum. 


cause symptoms associated with sudden urethral 
obstruction; the patient may experience dysuria, a poor 
urinary stream, or recurrent episodes of urethritis. 
Anatomy that predisposes patients to primary urethral 
stone formation includes diverticula or pseudodiver- 
ticula and urethral stricture (Figs. 6-87 and 6-91). It is 
unusual for primary urethral stones to cause acute 
symptoms because they are formed slowly or are 
sequestered in diverticula. 

Technical and interpretive errors account for the 
observation that only 40% of urethral stones are diag- 
nosed with plain film and IVU. The area inferior to the 
pubic symphysis is often neglected during radiographic 
interpretation or is excluded on the routine overhead 
film. Voiding cystourethrography, retrograde urethrog- 
raphy, and cystourethroscopy are more sensitive for 
diagnosing urethral stones. CT and MRI are also excel- 
lent at the depiction of urethral stones. At dynamic 
retrograde urethrography, the majority of urethral 
stones are radiopaque and may appear as fixed or 
mobile filling defects. The calculus is found most often 
in a midurethral diverticulum in the female patient 
(Figs. 6-91 and 6-92), and in the male patient it is dis- 
covered frequently in the bulbar or prostatomembra- 
nous urethra (Figs. 6-87 and 6-93). 


Carcinoma of the Female Urethra 


Carcinoma of the urethra is the only epithelial malig- 
nancy of the urinary tract that occurs more frequently 
in women (Box 6-23). The peak age range in which 
these neoplasms present is 40 to 60 years. Chronic 
irritation and inflammation likely incite malignant epi- 
thelial change because benign inflammatory lesions, 
such as fibrous polyps and caruncle, may be discovered 
synchronously. Patients present with urethral bleeding, 
dysuria, urinary frequency, perineal pain, or urethral 
obstruction. SCC is the most common histopathologic 
type, followed by urothelial carcinoma. Adenocarci- 
noma is the most common malignancy to occur in a 
urethral diverticulum (Fig. 6-94), which reflects the 


Two stones are present in a midurethral diverticulum 
(arrow) in this patient who presented with dysuria. The urethra 
(asterisk) is displaced by the diverticulum. 


BOX 6-23 Urethral Carcinoma 


Female-to-male ratio of 4:1 

Squamous cell carcinoma most common overall, followed by 
urothelial carcinoma; adenocarcinoma, undifferentiated 
tumor, sarcoma, and melanoma are rare 

Adenocarcinoma is the most common malignancy to arise in 
a urethral diverticulum 

Two thirds in men originate from bulbar or membranous 
urethra—associated with urethral stricture, chronic ure- 
thral inflammation, or sexually transmitted infection 


theoretical origin of diverticula from infection and 
abscess formation in paraurethral glands. 

At urethrography, urethral carcinomas may appear 
as single or serial irregular filling defects within the 
urethra, or as irregular narrowing of the urethra. CT or 
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Urethral calculi on the high-pressure side of a stricture. A, Plain film demonstrates calculi in the pelvis 
(arrow) and the perineum (open arrow) of a 44-year-old man with bladder-outlet obstruction that required suprapubic 
cystostomy. B, This coned-down, magnified oblique view from a retrograde urethrogram demonstrates two filling 
defects (arrows) in the bulbar urethra proximal to a tight stricture (curved arrow). There is opacification of Cowper 
duct (open arrow). An air bubble is present in the anterior urethra. 


Adenocarcinoma arising within a urethral diver- 
ticulum. A, Axial high-resolution T2-weighted image shows efface- 
ment of the normal targetlike appearance of the urethra by an 
intermediate-signal-intensity mass (arrow). B, The mass shows 
diffuse enhancement and fills the urethral diverticulum, with only 
a small amount of residual fluid in the diverticulum (arrow). 
C, Coronal high-resolution T2-weighted image shows extension of 
the urethral mass into the neck and base of the bladder (arrow). 
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FIGURE 6-95 Spread of perineal carcinoma to the inguinal lymph 
nodes. Infused computed tomography of the pelvis shows a large 
hypodense mass in the perineum, which had invaded and obstructed 
the distal urethra. In the right inguinal region, there is a large necrotic 
lymph node (arrow). Tumors that originate from or that invade the 
distal third of the female urethra preferentially spread to the inguinal 
nodes. 


MRI can evaluate the extent of local tumor invasion and 
lymph node involvement. Lymphatic spread occurs 
before hematogenous dissemination in most patients. 
Carcinomas that originate in the distal third of the 
female urethra preferentially spread to the superficial 
and deep inguinal nodes, whereas those originating 
from the proximal two thirds spread to the external and 
internal iliac node groups preferentially. It may be dif- 
ficult to distinguish a perineal mass that has invaded 
the distal urethra from a primary urethral carcinoma 
(Fig. 6-95). 


Carcinoma of the Male Urethra 


Carcinoma of the male urethra is almost exclusively a 
disease of the older population, occurring predomi- 
nantly in men over the age of 50. The following two risk 
factors predispose to the development of urethral car- 
cinoma: (1) a medical history of chronic urethral 
inflammation or sexually transmitted infection, and (2) 
urethral stricture, which is seen in greater than 50% of 
patients. The onset of symptoms is insidious; initial 
clinical complaints include poor urinary stream, sero- 
sanguinous discharge, or hematuria. Almost 80% of all 
urethral carcinomas are SCCs. Two thirds originate in 
the bulbar or membranous urethra, and the majority of 
the remaining carcinomas are found in the anterior 
urethra, especially the fossa navicularis. Urothelial car- 
cinoma accounts for 15% of urethral carcinomas; in 
most patients it originates in the posterior urethra. An 
association exists between urothelial carcinoma of the 
prostatic urethra and previous transurethral resection 
of bladder carcinoma. Adenocarcinoma or undifferenti- 
ated carcinoma comprise the remaining 5% of urethral 
cancers. 

The diagnosis of urethral carcinoma can be made on 
urethroscopy and urethrography. At urethrography, 
carcinoma appears as an irregular filling defect, which 
may be eccentric or circumferential. This diagnosis 
should also be suspected when the margin of a stricture 
is irregular or poorly defined. MRI can be used to dem- 
onstrate the local extent of disease, including the degree 


of extension into the periurethral soft tissues and 
adjacent organs, and the presence or absence of ade- 
nopathy (Fig. 6-96). Carcinomas of the anterior urethra 
spread to the superficial and deep inguinal nodes, with 
occasional involvement of the external iliac lymph 
nodes. Posterior urethral carcinomas typically spread 
to pelvic lymph nodes before spreading to more proxi- 
mal nodal stations. Hematogenous spread of disease is 
not typically seen until there is advanced local disease, 
although urothelial carcinoma of the prostatic urethra 
is an exception and may show early hematogenous 
dissemination. 


Benign Neoplasms 


Benign tumors of the urethra are rare. A fibrous polyp 
(also known as a congenital urethral polyp or fibroepi- 
thelial polyp) consists of a fibrovascular connective 
tissue core that is lined by urothelium. This lesion is 
usually discovered in children but can also occur in 
young adults. Fibrous polyps usually are pedunculated, 
and the base of the stalk originates near the verumon- 
tanum. The polyp itself appears as a well-defined, 
smooth, fingerlike filling defect, approximately 1 to 
1.5 cm in length. Mobility of the polyp with urination 
is demonstrable as the force of the urinary stream 
carries the polyp distally (Fig. 6-97). Hence, patients 
may present with bladder-outlet obstruction or inter- 
mittent interruption of the urinary stream. Urothelial 
and squamous cell papillomas are benign mesenchymal 
growths that are lined by the urothelium and metaplas- 
tic squamous cells, respectively. These lesions are 
usually discovered in patients aged 20 to 40. Symptoms 
include hematuria, local pruritus, and urethral dis- 
charge. Papillomas are mostly found at the fossa navicu- 
laris and parameatal area in male patients and at the 
distal third of the urethra in female patients, in whom 
they are referred to as urethral caruncles. Urothelial 
papillomas may also be found in the prostatic urethra 
and can be associated with papillomas in the urinary 
bladder. At urethrography, papillomas can appear as 
single or multiple smooth, sessile filling defects. 


Condylomata Acuminata 


Condylomata acuminata, or anogenital warts, are 
caused by a DNA virus of the human papilloma virus 
family and are transmitted by sexual contact. Dermal 
papillomas of the genitalia and around the anus can 
spread to the urethra, vagina, and rectum. As many as 
5% of patients with penile condylomata also have ure- 
thral lesions, that are usually limited to the anterior 
urethra. In addition, anogenital warts (condylomata 
acuminata) precede or are present in up to 16% of 
patients with SCC of the vulva. The appearance of con- 
dylomata acuminata at urethrography is that of multi- 
ple, sessile filling defects of the anterior urethra. An 
associated stricture, although typical of carcinoma, is 
atypical with condylomata acuminata. 


Metastases to the Urethra 


In male and female patients, bladder and colorectal 
carcinomas can involve the urethra through extensive 
local spread. Prostate, cervical, and vaginal cancers 
may also invade the urethra secondarily. 
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Squamous cell carcinoma of the urethra on magnetic resonance imaging (MRI). A, Axial high-resolution 
T2-weighted MRI shows a mass (arrow) at the level of the bulbar urethra. B and C, Axial (B) and sagittal (C) post- 
contrast T1-weighted images show heterogeneous enhancement of the mass that is encasing the bulbar urethra (arrow 
in B) and extending into the corpora cavernosa and perineum (arrow in C). A Foley catheter is in place. D, Bilateral 
superficial inguinal adenopathy (arrows) is present and was 18-fluoro-deoxyglucose avid on positron emission 


tomography-computed tomography (not shown). 


Urethral Outpouching or Tract 


Common and uncommon causes of paraurethral out- 
pouching or tract are listed in Box 6-24. 


Acquired Urethral Diverticulum 
(Pseudodiverticulum) 


Urethral diverticulum may be either a congenital or an 
acquired lesion. Congenital saccular diverticulum is a 
rare lesion of the mid penile urethra that may cause 
high-grade obstruction in children. After posterior ure- 
thral valves, it is the most common cause of urethral 
obstruction in male infants. It frequently is difficult to 
distinguish congenital diverticulum from an anterior 
urethral valve. 

In contrast to the congenital urethral diverticulum, 
the acquired diverticulum presents in adults. An 


acquired diverticulum is also termed a pseudodiver- 
ticulum because it is lined by fibrous tissue or inflam- 
matory cells rather than urothelium. 

There are several possible reasons why acquired ure- 
thral diverticula form. The most common explanation 
is infection and abscess formation in female paraure- 
thral glands, which decompress into the urethra (Fig 
6-98). Similarly, a prostatic abscess may form a pseu- 
dodiverticulum if it spontaneously drains into the 
urethra (Fig. 6-99). Patients who are catheterized for 
an extended time may develop a diverticulum due to 
pressure necrosis, which is an erosion of the inferior 
wall of the bulbar urethra at the penoscrotal junction 
as a result of an improperly worn Foley catheter. Pseu- 
dodiverticula also may form on the high-pressure side 
of a urethral stricture (see Fig. 6-86). Stasis of urine 
within a diverticulum creates a suitable environment 
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Prolapsing fibrous polyp of the posterior urethra. A, Percutaneous cystogram shows a slightly lobulated 
filling defect (arrowheads) near the bladder neck. A normal anterior urethra is demonstrated with retrograde ure- 
thrography, but the posterior urethra could not be opacified. B, Voiding cystourethrogram shows an oblong, polypoid 
filling defect in the posterior urethra. Fibrous polyps can be long and pedunculated; the force of the urinary stream 


may cause antegrade prolapse and urethral obstruction. 


BOX 6-24 Paraurethral Outpouching or Tract 


COMMON 


Acquired urethral diverticulum (pseudodiverticulum) 
Fistula 


UNCOMMON 


Cowper duct or gland 
Glands of Littré 
Miillerian remnants (utricle or miillerian cyst) 


for stone formation and urinary tract infection (Figs. 
6-92 and 6-100). Malignancy (most often adenocarci- 
noma) may also develop in a urethral diverticulum (see 
Fig, 6-94). 

Diverticula may be suspected on images of the 
bladder acquired during cystography or IVU because a 
diverticulum of sufficient size may elevate the base of 
the bladder (the female-prostate sign). Historically, 
double-balloon urethrography was often performed as 
part of the evaluation for suspected urethral diverticu- 
lum because it offered the advantage of increased sen- 
sitivity over voiding cystourethrography (see Fig. 6-91). 
This is no longer commonly performed, however, 
because it is not only technically difficult but also has 
several other disadvantages including patient discom- 
fort, potential for increased risk of urethral injury and 
urinary tract infection, and utilization of ionizing 
radiation. 

In the female patient, MRI should be considered a 
first-line imaging modality for the evaluation of sus- 
pected urethral diverticula. MRI is excellent at depict- 
ing the female urethral anatomy and offers increased 


Female urethral diverticulum on magnetic resonance 
imaging. Axial high-resolution T2-weighted image shows a fluid-filled 
periurethral structure (arrow) typical of a diverticulum. A small 
amount of debris is seen layering in the diverticulum. 


sensitivity over urethrography and fiberoptic urethros- 
copy for the detection of urethral diverticula. MRI also 
has the potential advantage of being able to diagnose 
periurethral disease that may explain a patient’s symp- 
toms when no urethral diverticulum is identified. 

The urethral diverticulum is most often located 
posterior to the midurethra in women and at the 
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FIGURE 6-99 Infected acquired urethral diverticulum in a man 
presenting with a tender perineal mass. A and B, A fluid collection 
with peripheral enhancement is seen at the level of the bulbar urethra 
(A) and extends posteriorly where it partially encases the prostato- 
membranous urethra (B). 


penoscrotal junction in men. It will appear as either 
unilocular or multilocular, round, and sharply margin- 
ated collections of contrast material separate from, but 
adjacent to, the urethra (see Fig. 6-98). Some female 
urethral diverticula are tubular and may extend around 
the urethra. These can be described as saddle diver- 
ticula. It is important to search for an associated ure- 
thral stricture distal to the diverticulum. Perineal fistula 
may also be demonstrated, especially when acquired 
diverticula occur after trauma or urethritis (see 
Fig. 6-86). 


Urethral Fistula 


A urethral fistula may form if there is an impediment 
to closure and healing after urethral rupture or lacera- 
tion, such as the elevated intraurethral pressure that 
occurs proximal to a urethral stricture. Fistulas may 
occur as sequela of infection, such as inadequately 
treated gonococcal or tuberculous urethritis. Rectal and 
gynecologic surgery, obstetric injury, and radiation 
therapy have also been implicated in urethral fistula 
formation. Fistulas from the urethra may end blindly in 
the soft tissues of the perineum; fistulas may commu- 
nicate with another structure such as the colon, rectum, 
vagina, or uterus; or may extend to the skin surface of 
the perineum or penis. 

Voiding urethrography, dynamic retrograde ure- 
thrography, or fistulography can demonstrate these 
abnormal passages from the urethra. The fistula itself 
is usually an irregular tract or cavity that can have a 
variety of shapes and sizes (see Figs. 6-83 and 6-86). As 


with a urethral diverticulum, it is important to seek a 
coexistent abnormality, such as a stricture or carci- 
noma that may have incited fistula formation. 


Cowper Duct and Gland 


Paired Cowper ducts enter the ventral surface of the 
perineal portion of the bulbar urethra. The length of the 
duct varies from a few millimeters to 6 em, and duct 
width varies from 1 to 6 to 8 mm. The ducts extend 
backward along the undersurface of the bulbar urethra 
as far back as the urogenital diaphragm, in which the 
Cowper glands are embedded. The ducts have a gentle 
curvature and a smooth contour. Opacification of 
Cowper duct or gland during retrograde urethrography 
may accompany a stricture distal to, or urethral inflam- 
mation around, the opening of the duct at the bulbar 
urethra (see Figs. 6-82 and 6-93B). Opacification of the 
duct or the duct and gland should not be misinterpreted 
as evidence of a urethral diverticulum or fistula, par- 
ticularly in the setting of a urethral stricture. 


Miillerian Remnants 


The paramesonephric or miillerian duct system 
regresses in male patients as a result of an inhibiting 
substance produced by the developing testis. A cranial 
remnant of the duct may persist as the appendix testis 
and Miiller tubercle; the caudal tip of the duct remains 
as the verumontanum. Incomplete obliteration of the 
caudal part of the miillerian ductal system may give rise 
to tubular, vaginalike structures or cysts lying between 
the bladder and the rectum. The prostatic utricle has 
come to be viewed as the homolog of the uterus (utricu- 
lus masculinus), and therefore a derivative of the caudal 
remnant of the paramesonephric ducts. The utricle 
may become visibly enlarged with maldevelopment of 
genitalia, as in hypospadias, cryptorchidism, or inter- 
sex states. Miillerian duct cysts are thought to occur 
when there is incomplete closure of a part of the 
paramesonephric duct or when cystic dilatation of the 
utricle occurs as a result of obstruction and accumula- 
tion of prostatic secretions. In contrast to the utricle, 
miillerian duct cysts occur most often in patients with 
no congenital anomalies and with normal genitalia. The 
majority of miillerian duct cysts and enlarged prostatic 
utricles are asymptomatic, but, occasionally, stagnant 
urine in the utricle leads to infection and stone forma- 
tion. Mass effect from a miillerian duct cyst may cause 
increased frequency of urination, urinary obstructive 
symptoms, infertility, or deep perineal pain during mic- 
turition or defecation. Prostatic utricles are usually 
smaller than miillerian duct cysts and do not typically 
extend above the level of the prostate. 

The prostatic utricle can be seen on retrograde or 
voiding urethrography, transrectal sonography, CT, or 
MRI. It appears as an outpouching that extends proxi- 
mally from the verumontanum, maintaining a connec- 
tion with the prostatic urethra (Figs. 6-101 and 6-102). 
It can be millimeters to several centimeters in length. 
The miillerian duct cyst may be imaged on a urethro- 
gram when extrinsic mass effect on the posterior 
urethra is noted; in general, however, there is no direct 
communication with the prostatic urethra. These cysts 
are located posterior to the prostate and most often are 
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Stone with a urethral diverticulum on magnetic Utriculus masculinus in a patient with congenital 
resonance imaging. On this axial high-resolution T2-weighted image, adrenal hyperplasia and pseudohermaphroditism. Oblique view from 
a hypointense filling defect (arrow) is seen within a urethral diver- a voiding cystourethrogram demonstrates an outpouching (u) dorsal 
ticulum representing stone formation secondary to urinary stasis. to the prostatic urethra. Its shape is similar to that of a uterine cavity. 


A narrow tract (arrow) connects it to the prostatic urethra. 


Enlarged prostatic utricle in a 20-year-old man with history of hypospadias repair and difficulty with 
urethral catheterization. During retrograde urethrography, the catheter preferentially extends into an outpouching 
(asterisk) that is posterior to the prostatic urethra (long white arrow) and in communication with the posterior 
urethra. Note that this outpouching does not extend above the level of the prostate gland. The penile urethra is dilated, 
likely related to prior hypospadias repair, and there is a stricture (short white arrow) at the junction of the penile 
and bulbar urethra. 
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Axial (A) and sagittal (B) T2-weighted magnetic resonance images show a small cyst (arrows) in the 
midline posterior to the prostatic urethra. When small, it may be impossible to differentiate a prostatic utricle from 
a miillerian duct cyst. 


midline in position (Fig. 6-103). When small, it may be 
impossible to differentiate a prostatic utricle from a 
miillerian duct cyst. Miillerian duct cysts must also be 
differentiated from cysts of the seminal vesicle, ejacula- 
tory duct, and prostate. Transrectal sonography or MRI 
is best suited to this task. 
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Medical imaging has assumed an increasingly important 
role in the diagnostic evaluation of gynecologic disease. 
In part this is because sonography and magnetic reso- 
nance imaging (MRI) can allow for high-resolution and 
multiplanar imaging of the female reproductive tract 
without exposing the ovaries to ionizing radiation. In 
this chapter, gynecologic radiology is reviewed. The 
first section is an overview of the embryology, anatomy, 
and physiology of the female reproductive tract. The 
remaining sections in the chapter review the imaging 
of selected gynecologic diseases, including gynecologic 
oncology. 


== THE NORMAL FEMALE 
REPRODUCTIVE TRACT 


Embryology of the Ovary and Genital Ducts 


Large primordial germ cells appear with other cells 
in the wall of the yolk sac at approximately 3 weeks 
gestation. After migrating along the dorsal mesentery of 
the hindgut, these germ cells collect along the urogeni- 
tal ridge in cortical sex cords. Among the non-germ cell 
population of the sex cords are granulosa and theca 
cells. It appears that two X chromosomes must exist for 
normal ovarian development to occur. For example, in 
Turner syndrome (45,XO), rudimentary ovarian rem- 
nants or streak ovaries are found; however, when a 
person has a Y chromosome in addition to two X chro- 
mosomes, testicular differentiation of the gonad is 
favored, as in Klinefelter syndrome (47,XXY). 

The upper vagina, cervix, uterus, and fallopian 
(uterine) tubes are formed from the paramesonephric 
or miillerian ducts (Fig. 7-1). The cranial end of each 
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duct opens into the coelomic cavity and will become 
the ostia of the fallopian tubes. The caudal end of each 
paramesonephric duct crosses dorsal to the adjacent 
mesonephric duct before fusing in the midline. The 
distal point of fusion is called the miillerian tubercle. 
The tubercle meets the urogenital septum to form the 
uterovaginal primordium. 

Degeneration of the mesonephric, or wolffian, ducts 
begins during the second trimester of pregnancy in 
the female fetus. Vestigial remnants of these ducts may 
persist in the anterolateral vagina (Gartner duct cyst 
or Gartner duct), or adjacent to the uterus within 
the broad ligament or mesosalpinx (paroophoron or 
epoophoron; Fig. 7-2). 


Normal Anatomy 


The Uterus 


The uterus is a thick-walled muscular organ that lies 
in the true pelvis between the bladder anteriorly and 
the rectosigmoid posteriorly. It consists of an inner 
mucosa (endometrium), a middle muscular layer (myo- 
metrium), and an outer serosa (perimetrium). The 
uterus is divided at the internal os into the body 
(corpus) and cervix. The fallopian tubes insert at the 
cornua, and the fundus is the dome of the uterus, which 
is located superior to the cornua. The uterine cervix 
projects into the vagina and separates the vagina into 
the anterior, posterior, and two lateral fornices. The 
arterial supply of the uterus is derived primarily from 
the uterine arteries that arise from the anterior division 
of the internal iliac arteries. The uterine arteries anas- 
tomose extensively with each other across the midline 
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FIGURE 7-1 Derivatives of embryonic urogenital structures. The vestigial remnant of the paramesonephric (mülle- 
rian) duct in males is the appendix of the testis. The vestigial remnants of the mesonephric (wolffian) duct and tubule 
in females include the duct of Gartner (in the anterolateral vagina) and the paroophoron and epoophoron (adjacent 
to the uterus in the broad ligament or mesosalpinx). (Modified with permission from Moore KL. Before we are born: 
basic embryology and birth defects. 2nd ed. Philadelphia: WB Saunders; 1983.) 


through arcuate arteries and reach the hilum of the 
ovary to join the ipsilateral ovarian artery. 

The uterus is connected to the bladder, rectum, and 
pelvic walls by ligaments. The broad ligaments are peri- 
toneal folds that extend from the sides of the uterus to 
the pelvic walls. The fallopian tubes and uterine arteries 
lie in the leaves of the broad ligament, and the ovary is 
attached posteriorly by the mesovarium. 

The size of the uterus varies with age, parity, and the 
menstrual cycle. The relative contribution of the fundus, 
corpus, and cervix to the length of the uterus varies 
with menstrual status. In the neonate, the size of the 
uterine fundus and body may be equal to or slightly 


larger than that of the cervix. However, in an infant or 
prepubertal girl, the corpus is much smaller than the 
cervix, which may contribute to 65% to 85% of the 
uterine length. In a premenstrual girl, the anteroposte- 
rior dimension of the cervix may be two times that of 
the uterine body. At menarche, growth of the uterine 
corpus accelerates relative to that of the cervix, so that 
in the mature woman the fundus and body constitute 
two thirds of the uterine length. 

Various measurements of the uterus can be obtained 
from hysterosalpingography (HSG), sonography, com- 
puted tomography (CT), and MRI. Sonography is often 
used to determine the linear dimensions of the uterus, 
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FIGURE 7-2 Gartner duct cyst on magnetic resonance imaging. 
Axial (A) and sagittal (B) T2-weighted images show a cyst (arrow) 
in the upper vagina, separate from the urethra, representing a vesti- 
gial remnant of the mesonephric duct. 


and from these measurements, the volume of the uterus 
can be estimated. The length and height (maximal 
anteroposterior diameter) of the uterus are measured 
on the midline sagittal image. The appropriate sagittal 
plane on which to measure uterine length and height is 
the one in which the maximal length of the central 
endometrial echo complex is seen. The length measure- 
ment is the distance between the top of the uterine 
fundus and the external cervical os. Uterine height is 
the maximal dimension perpendicular to the length 
measurement. The width of the uterus is measured on 
a transverse plane orthogonal to the sagittal plane in 
which the height was measured. Normal uterine size is 


BOX 7-1 Endometrial Stripe Thickness 


Outer-to-outer margin on sagittal image: 
Proliferative phase (Days 6 to 14)—up to 11 mm 
Secretory phase (Days 15 to 28)—up to 16 mm 
Postmenopausal women—up to 5mm; may increase 
to 8mm with hormone-replacement therapy or 
tamoxifen 
Postmenopausal bleeding and endometrial stripe thickness: 
<5 mm—biopsy yield is low (endometrial atrophy) 
>5 mm—biopsy yield is higher (polyps, hyperplasia, or 
carcinoma) 


variable and influenced by factors such as age, parity, 
and the menstrual cycle. As a general rule, the upper 
limits of normal for uterine dimensions in a nulliparous 
woman are 9-cm length, 5-cm width, and 4-cm height. 
The uterus enlarges in multiparous women and under- 
g0es progressive atrophy after menopause. More impor- 
tant than uterine size, however, is uterine morphology 
in the evaluation of uterine pathology. 

The appearance of the normal central endometrial 
echo complex varies with the menstrual cycle and can 
be measured in the sagittal plane by transabdominal 
sonography or transvaginal sonography (TVS; Box 7-1). 
The endometrium is typically best visualized on trans- 
vaginal imaging. In the early proliferative phase, the 
endometrium appears as a single echogenic line. In the 
late proliferative (periovulatory) phase, three hypere- 
choic longitudinal lines may be seen in the center of 
the uterus separated by the hypoechoic endometrium 
(trilaminar appearance; Fig. 7-3A). The outer echogenic 
lines represent the interface between the endome- 
trium and myometrium, and the central echogenic line 
denotes the endometrial cavity and the line of contact 
between the inner endometrial surfaces. Within 48 
hours of ovulation, the trilaminar appearance of the 
endometrium disappears, indicating the onset of the 
secretory endometrium. The secretory endometrium is 
typically echogenic, with maximal thickness in the mid- 
secretory phase (Fig. 7-3B). The distance between the 
outer margins of the endometrial echo complex can be 
measured (outer-to-outer border), and cycle-specific 
normal limits have been established for each phase of 
the menstrual cycle: menstrual, 2 to 3 mm; early pro- 
liferative, 5+ 1 mm; periovulatory, 10 + 1 mm; and late 
secretory, up to 16 mm (Fig. 7-3). When evaluating the 
endometrium in a postmenopausal woman, clinical 
history is important, including the presence of vaginal 
bleeding and whether the patient is on hormone- 
replacement therapy or receiving tamoxifen. The endo- 
metrial echo complex should generally be no thicker 
than 5mm in a postmenopausal woman, although 
in women who are receiving hormone-replacement 
therapy the normal endometrium may measure up 
to 8mm. The normal postmenopausal endometrium 
should be thin, homogeneous, and echogenic without 
areas of focal thickening. The most common cause 
of postmenopausal vaginal bleeding is endometrial 
atrophy (75% of cases), whereas endometrial carci- 
noma accounts for approximately 10% of cases. Other 
causes of postmenopausal bleeding include endometrial 
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Variable appearance of the endometrium during the 
menstrual cycle. A, During the late proliferative phase, the endome- 
trium has a trilaminar appearance. B, The endometrium is uniformly 
hyperechoic and reaches its maximal thickness during the secretory 
phase. Endometrial thickness is determined by measuring the dis- 
tance from outer-to-outer border on a sagittal image (dashed line). 


polyps, endometrial hyperplasia, and submucosal fi- 
broids. Tamoxifen therapy may cause endometrial 
thickening with cystic changes (Fig. 7-4). Given the 
association of tamoxifen therapy with endometrial 
lesions including polyps, hyperplasia, and carcinoma, 
further workup is indicated for women receiving tamox- 
ifen who present with vaginal bleeding. 


The Ovary 


The internal structure of the ovary consists of an outer, 
thick cortex surrounding a vascular medulla. The cortex 
contains ovarian follicles, corpora lutea, and stromata. 
The medulla is composed of fibrous stroma and multi- 
ple vessels. The ovaries are attached to the posterosu- 
perior surface of the broad ligament, and the fimbriae 
of the fallopian tube lie near the superior pole of the 
ovary. In nulliparous women, the ovary is usually situ- 
ated in the ovarian fossa (Waldeyer fossa); the ovarian 
fossa is bounded by the external iliac vein superiorly, 
the obliterated umbilical artery anteriorly, and the 
internal iliac artery and ureter posteriorly. The ovarian 
arteries originate from the aorta just inferior to the 


Tamoxifen-associated endometrial changes. Transvagi- 
nal (A) and transabdominal (B) ultrasound images in two different 
patients receiving tamoxifen for breast cancer show endometrial 
thickening with cystic changes. Further workup is indicated for 
patients receiving tamoxifen who present with vaginal bleeding. 


renal arteries. The ovarian artery reaches the ovarian 
hilum through the suspensory ligament of the ovary. 
The ovarian veins course parallel to the arteries; the 
left ovarian vein empties into the left renal vein, and 
the right ovarian vein empties into the inferior vena 
cava just inferior to the right renal vein. 

The size of the ovary is determined from orthogonal 
linear dimensions, and because ovaries vary in shape, 
ovarian volume is considered the most accurate method 
for comparing ovarian size. The length and height of 
the ovary traditionally are measured from a parasagittal 
plane. The length is designated as the maximal dimen- 
sion of the ovary on a parasagittal plane, and the height 
is measured on the same plane perpendicular to the 
length. Finally, the width is measured on a transverse 
plane, which is orthogonal to that in which the length 
and height were determined. The volume of the ovary 
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is estimated using the formula for a prolate ellipsoid: 
volume (em®) = 0.52 x length x height x width. Cohen 
and associates report a mean ovarian volume of 9.8 em? 
(95% confidence value, 21.9 em*) for a woman of repro- 
ductive age. The mean for a postmenopausal woman 
was 5.8 cm° (95% confidence value, 14.1 em*). As a 
general rule, an ovarian volume of 20 em’ may be con- 
sidered the upper limit of normal in a woman of repro- 
ductive age and 10 cm’ the upper limit of normal in a 
postmenopausal woman. There does not appear to be a 
significant change in the volume of the adult ovary 
during the menstrual cycle unless a dominant follicle 
develops. There is also no statistically significant differ- 
ence between the size of the left ovary and that of the 
right ovary. 

In two thirds of healthy postmenopausal women, 
the ovaries can be identified on ultrasonography; there- 
fore sonographic visualization of the postmenopausal 
ovary alone does not imply abnormality. Complete 
follicular atresia of the ovaries does not occur until an 
average of 4 years after cessation of menses. Postmeno- 
pausal ovaries identified at surgery are not demon- 
strated by TVS in approximately 20% of patients. 
TVS can identify most ovaries larger than 1.5 cm in 
diameter. 

Numerous studies have shown that the incidence of 
carcinoma in simple ovarian or other adnexal cysts is 
extremely low. In fact, up to 70% of these cysts will 
resolve spontaneously. A simple cyst is defined as an 
anechoic cyst with a thin smooth wall, increased 
through transmission, no septations or solid compo- 
nents, and no internal flow with Doppler imaging. The 
Society of Radiologists in Ultrasound published a 
consensus statement that provides guidance for the 
management of asymptomatic ovarian cysts and other 
adnexal cysts imaged at ultrasound, and these recom- 
mendations are discussed later in the chapter. 

Either transabdominal sonography or TVS provides 
a noninvasive means for directly monitoring follicular 
development, ovulation, and corpus luteum formation 
in spontaneous and induced cycles. The range of the 
mean follicular diameter before ovulation is 20 to 
25 mm. The classic appearance of a corpus luteum is a 
spherical or crenulated cystic mass with a thick echo- 
genic wall and peripheral flow. The diameter of the 
normal corpus luteum usually does not exceed 30 mm. 


Fallopian Tubes 


The fallopian tube is a muscular conduit that lies in the 
upper margin of the broad ligament. The fallopian tube 
measures 7 to 12 cm in length and is divided into four 
parts, namely, the interstitial (intramural), isthmic, 
ampullary, and infundibular segments (Fig. 7-5). The 
interstitial segment is contained in the uterine wall, is 
the narrowest part of the tube, and ends as the uterine 
ostium. The medial one third of the tube is the cordlike 
isthmus, which inserts at the cornua of the corpus 
uteri. The isthmus is continuous laterally with the 
wider and more tortuous ampulla. The infundibulum is 
the expanded end of the ampulla and terminates as the 
peritoneal opening at the fimbriated end of the tube. 
One of the fimbriae is attached to the superior pole of 
the ovary. 
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FIGURE 7-5 Fallopian tube anatomy on hysterosalpingogram. The 
interstitial, isthmic, ampullary, and infundibular segments of the fal- 
lopian tube are well depicted on hysterosalpingography. Peritoneal 
spillage of contrast confirms tubal patency. 


Normal Physiology 
The Ovary 


Primordial germ cells originate from endodermal cells 
lining the yolk sac and migrate to the genital ridge 
adjacent to the mesonephric kidney. By the end of the 
first trimester, the ovary begins to produce estrogen, 
and some oogonia in the ovarian cortex begin to develop 
into primary oocytes. Oocyte proliferation and division 
are suspended after the first meiotic division until 
puberty. Under the influence of the pituitary gonado- 
tropins, follicle-stimulating hormone (FSH), and lutein- 
izing hormone (LH), the final maturation of ovarian 
follicles begins at puberty. The endocrinologic hallmark 
of puberty is increased secretion of FSH and LH, pos- 
sibly because of the increased production of LH-releasing 
hormone (LHRH) by the hypothalamus, and a pulsatile 
pattern of LH secretion. An increase in gonadotropin 
secretion by the pituitary gland leads to an increase in 
ovarian estrogen secretion, and this, in turn, results in 
the anatomic changes of puberty. The culmination of 
puberty is the onset of cyclic menses. 

Under the influence of pituitary gonadotropins, a few 
primary follicles begin to mature, and at about Day 7 
of the menstrual cycle, one follicle becomes dominant. 
The follicle consists of the oocyte, surrounding granu- 
losa cells, and a basement membrane that separates the 
follicle from interstitial cells. Maturation of the domi- 
nant follicle involves accelerated growth of the granu- 
losa cells and enlargement of the fluid space, called the 
antrum, within the follicle. Ovulation is the rupture of 
the thinned follicular wall and expulsion of the ovum. 
After ovulation, remnant granulosa and theca cells of 
the follicle accumulate lipid and a yellow pigment, 
forming the corpus luteum. After a period of 14 + 2 
days, the corpus luteum atrophies, forming a fibrous 
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scar called the corpus albicans. However, if pregnancy 
occurs, chorionic gonadotropins from the developing 
placenta avert atresia of the corpus luteum, which pro- 
duces progesterone to support the gestation. 


The Menstrual Cycle 


The menstrual cycle is defined as the time between the 
onset of menstrual bleeding from one period to the 
next. The average cycle length is 28 + 3 days, and 
the mean duration of menstrual hemorrhage is 4 + 2 
days. The menstrual cycle can be divided into the 
follicular, or proliferative, phase (Days 6 through 14) 
and the luteal, or secretory, phase (Days 15 through 
28; Fig. 7-6). The secretion of pituitary gonadotropins 
is under negative-feedback control by the action of 
ovarian estradiol on hypothalamic production of LHRH; 
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however, the positive feedback of estradiol at the pitu- 
itary gland produces the midcycle LH surge. 

At the end of one menstrual cycle, circulating levels 
of estrogen and progesterone wane due to attrition of 
the oocyte and corpus luteum, respectively. Conse- 
quently, circulating levels of FSH begin to increase, and 
this process initiates maturation of a dominant follicle 
and the follicular phase of the menstrual cycle. Approx- 
imately 9 days before the midcycle surge of LH, estra- 
diol levels begin to rise in response to increased 
production of this hormone by granulosa cells in the 
dominant follicle. Subsequent to the rising levels of 
estradiol, glandular growth of the endometrium begins. 
Just before ovulation, a peak in the secretion of estra- 
diol elicits the LH surge. Ovulation occurs approxi- 
mately 24 hours after the LH surge. 
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FIGURE /-6 The normal menstrual cycle. A normal ovulatory cycle is divided into a follicular and a luteal phase; 
the corresponding cyclic changes in the endometrium are the proliferative and the secretory phases, respectively. The 
follicular phase begins with the menses and ends in the preovulatory surge of luteinizing hormone (LH). During this 
phase, the maturing follicle secretes increasing amounts of estrogen that result in the proliferation of endometrial 
glands. Increasing blood estradiol levels result in the mideycle surges of LH and follicle-stimulating hormone (FSH). 
The luteal phase begins with the LH surge and ends on the first day of menses. The preovulatory LH surge initiates 
structural changes in the maturing graafian follicle that culminate in ovulation. After ovulation and under the influ- 
ence of LH, the granulosa cells of the ruptured follicle undergo luteinization. Luteinized granulosa cells form the 
corpus luteum, which produces large amounts of progesterone and some estradiol. Progesterone stimulates endome- 


trial glandular cells to secrete glycogen and mucus. 


254 Genitourinary Radiology: The Requisites 


At the onset of the luteal (secretory) phase, gonado- 
tropin levels are low, and plasma progesterone levels 
begin to increase steadily. A second peak in the serum 
level of estradiol occurs during the luteal phase, and 
rising levels of progesterone and estradiol perpetuate 
endometrial growth (the secretory phase). Concurrent 
with increasing progesterone levels, the basal body tem- 
perature increases (by about 0.4 °C) during the luteal 
phase. Near the end of the luteal phase, plasma estra- 
diol and progesterone levels decrease. This decrease 
causes intense vasospasm of endometrial spiral arteri- 
oles; hemorrhage and desquamation of the endome- 
trium occur because of ischemic necrosis. The first day 
of the cycle begins with the onset of bleeding. Concomi- 
tant with the fall in estradiol and progesterone levels, 
FSH secretion by the pituitary gland increases, and 
another follicle is recruited for maturation. 


Menopause 

Menopause indicates the cessation of menstruation. 
Currently, the average age of onset of menopause in the 
United States is 51 years. After menopause, plasma 
gonadotropin levels begin to rise because of a decrease 
in estrogen production by the ovaries. Reduced produc- 
tion of estradiol is directly related to a steady decline 
in the number of ova. The ovaries of postmenopausal 
women are small, and stromal cells predominate. 
Plasma gonadotropin levels peak approximately 5 to 10 
years after the onset of menopause and remain con- 
stant until the eighth to ninth decade, when levels begin 
to fall. 

The most common conditions accompanying 
menopause are vasomotor instability, atrophy of the 
epithelium, osteoporosis, and a decrease in breast 
size. Atrophy of the endometrium, urethral mucosa, 
vaginal mucosa, and skin occurs secondary to estrogen 
deficiency. 


m= CONGENITAL ANOMALIES 


Anomalies of Miillerian Duct Formation 
and Fusion 


The most common congenital uterine anomalies occur 
as a result of malfusion of the miillerian, or parameso- 
nephric, ducts and have a prevalence of approximately 
2% to 3%. The spectrum of anomalies includes varying 
degrees of uterine or vaginal fusion and uterine septal 
resorption, which may be associated with cornual 
atresia or hypoplasia. The American Fertility Society 
has endorsed the classification proposed by Buttram 
and Gibbons, which divides these anomalies into classes 
with similar clinical features, management, and prog- 
nosis (Fig. 7-7). 

Class I anomalies include agenesis or hypoplasia 
of the vagina, uterus, or fallopian tubes, either alone or 
in combination. One clinical scenario in which class I 
anomalies are seen is in patients with Mayer-Rokitansky- 
Kiister-Hauser (MRKH) syndrome. The MRKH syn- 
drome results from interrupted development of the 
miillerian ducts and patients have hypoplasia of the 
uterus and upper two thirds of the vagina (Fig. 7-8). 
The ovaries have normal function, but may be ectopic 
in location in these patients. 


The unicornuate uterus represents the class II mül- 
lerian anomaly and results from either agenesis or 
incomplete development of one miillerian duct. If there 
is a coexistent rudimentary horn, it may or may not 
have a central cavity, and if a cavity does exist, that 
cavity may or may not communicate with the unicor- 
nuate uterus (Fig. 7-9). 

The class III anomaly, uterus didelphys, results from 
near complete lack of fusion of the miillerian ducts. 
There are two separate uteri and cervices, and a longi- 
tudinal septum is present in the upper vagina in 75% 
of patients (Fig. 7-10). Uterus didelphys can be associ- 
ated with obstructed hemivagina and ipsilateral renal 
anomaly syndrome, also known as Herlyn-Werner- 
Wunderlich syndrome (Fig. 7-11). 

The bicornuate uterus, which represents the class IV 
anomaly, results from partial failure of miillerian duct 
fusion (Fig. 7-12). The tissue dividing the two cornua 
is composed of myometrium and may extend to the 
internal cervical os (bicornuate unicollis) or to the 
external cervical os (bicornuate bicollis). 

The septate uterus is designated class V and is the 
most common miillerian anomaly. A septum may divide 
the endometrial cavity alone (partial septate uterus), or 
may extend to the external cervical os or upper vagina 
(complete septate uterus). 

In the arcuate uterus (class VI) there is only mild 
broad indentation of the endometrium at the uterine 
fundus and the uterus has a normal external fundal 
contour. There has been debate as to whether or not 
this represents a normal anatomic variant. 

Class VII anomalies are related to in utero diethyl- 
stilbestrol (DES) exposure. Although a wide variety of 
abnormalities of the uterus, cervix and fallopian tubes 
have been reported, the T-shaped configuration of the 
endometrial cavity is the most common. In utero DES 
exposure is also associated with an increased risk of 
clear-cell carcinoma of the vagina. 

Approximately 25% of women with uterine anoma- 
lies have fertility problems, such as difficulty in main- 
taining a normal pregnancy or spontaneous abortion. 
Some have obstetric complications, such as premature 
birth, abnormal uterine activity during delivery, abnor- 
mal fetal presentation, and dystocia. Others present 
with abdominal pain or a mass resulting from hemato- 
colpos, hematometra, or hematosalpinx. The turgid 
uterus or vagina may obstruct the ureter. Concomitant 
anomalies of the urinary tract can accompany these 
disorders. When there is partial unilateral development, 
a high incidence of unilateral renal anomalies coexists. 
For example, uterus didelphys may be associated with 
obstructed hemivagina and ipsilateral renal anomaly 
syndrome (see Fig. 7-11). Conversely, 50% of all women 
with unilateral renal agenesis have associated genital 
tract anomalies (see Fig. 7-10). Other abnormalities 
of the urinary tract, such as horseshoe kidney, pelvic 
kidney, and collecting system duplication, occur with 
increased incidence with complete miillerian agenesis. 

From a diagnostic perspective, it is critical to distin- 
guish anomalies in which reconstructive management 
requires transabdominal surgery from those in which 
this approach may not be necessary. In general, unicor- 
nuate and bicornuate uteri require the transabdominal 
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1 Hypoplasia/Agenesis | Unicornuate 


a. Communicating b. Noncommunicating 


IV Bicornuate 


c. No cavity dNoHare 


VI Arcuate Il DES - related 


a. Complete 


“Rounded 
Septum” 


b. Partial 


American Fertility Society classification of miillerian anomalies. DES, Diethylstilbestrol. (Modified from 
the American Fertility Society classifications of adnexal adhesions, distal tubal occlusion, tubal occlusion secondary 
to tubal ligation, tubal pregnancies, miillerian anomalies and intrauterine adhesions. Fertil Steril 1988;49: 
944-955; and from Buttram VC Jr, Gibbons WE. Miillerian anomalies: a proposed classification. (An analysis of 
144 cases). Fertil Steril. 1979;32:40-46. Reproduced with permission of the American Society for Reproductive 
Medicine.) 


Mayer-Rokitansky-Kiister-Hauser syndrome. A, A rudimentary uterus (arrow) is seen in the right side 
of the pelvis in this patient who also had vaginal hypoplasia. B, An ectopic left kidney is located anterior to the sacrum. 
Renal anomalies are often associated with miillerian anomalies. 
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FIGURE 7-9 Magnetic resonance imaging of unicornuate uterus (class II miillerian anomaly). Coronal (A) and trans- 
verse (B) T2-weighted images demonstrate a cigar-shaped uterus (arrow) located to the right of midline. The signal 
intensity of the endometrium, junctional zone, and outer myometrium is normal. There is no evidence of a rudimen- 


tary left horn (curved arrow = normal ovaries). 


FIGURE 7-10 Renal agenesis in a patient with uterus didelphys. A, Contrast-enhanced computed tomography (CT) 
shows absence of the left kidney due to agenesis with compensatory hypertrophy of the right kidney. B, Additional 
CT image of the pelvis shows widely separated uterine horns (arrows) in this patient with uterus didelphys. Renal 
anomalies, particularly unilateral renal agenesis, are commonly associated with significant uterine anomalies. 


approach, whereas uterine anomalies that either do 
not require management or can be managed with hys- 
teroscopic metroplasty include the arcuate, septate, 
and didelphys uteri. In particular, the septate uterus 
can be managed with hysteroscopic excision of the 
septum. 

HSG, ultrasonography, MRI, laparoscopy, and surgery 
have been used to evaluate suspected miillerian duct 
anomalies. Of the minimally invasive or noninvasive 
techniques, HSG has traditionally been used to inves- 
tigate the anatomy of the uterine cavity. However, this 
evaluation can only be accomplished if the endometrial 
cavity is patent and if it communicates with the cervical 
canal. Furthermore, HSG does not demonstrate the 
external morphology of the uterine fundus and it may 
not be possible to differentiate the various uterine 
anomalies accurately. In particular, the diagnosis of 


septate versus bicornuate uterus may be difficult or 
impossible because of considerable overlap in findings 
at HSG. Another disadvantage of HSG is that it utilizes 
ionizing radiation, and HSG is a test typically performed 
on younger patients who are undergoing evaluation 
for infertility. Nowadays, HSG is primarily used to 
assess fallopian tube anatomy and patency. If a uterine 
anomaly is discovered or suspected at HSG, further 
imaging workup can be performed with ultrasound 
or MRI. 

In recent years, sonohysterography with sonosalpin- 
gography has been shown to be a highly sensitive and 
specific test for the assessment of tubal patency, with 
results comparable to HSG without the use of radiation. 
Another benefit of ultrasound is that the external 
uterine contour of the uterus can be evaluated in addi- 
tion to the configuration of the uterine cavity, especially 
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Obstructed hemivagina and ipsilateral renal anomaly (OHVIRA) syndrome. A, Widely divergent uterine 
horns are seen in this patient with uterus didelphys. B, The right hemivagina is markedly distended by blood (hema- 
tocolpos) secondary to an obstructing transverse vaginal septum. C, The obstructed right hemivagina exerts mass 
effect on the left hemivagina. D, Compensatory hypertrophy of the left kidney is noted secondary to agenesis of the 
right kidney. 


when three-dimensional volume acquisition scans are 
acquired (Fig. 7-13). For these reasons, HSG has been 
replaced by ultrasound at many institutions for the 
evaluation of tubal patency and in the workup of miil- 
lerian anomalies. 

The diagnosis of miillerian anomaly classes I, II, M, 
and VI is not as difficult a problem as the diagnosis of 
classes IV and V. Uterine atresia or hypoplasia (class I) 
is diagnosed when there is either no identifiable uterine 
tissue or when an infantile uterus is seen with an inter- 
cornual distance less than 2 cm. With MRI, these small 
uteri have no discernible zonal anatomy on T2-weighted 


images. The volume of the unicornuate uterus (class II) 
is decreased because it consists of a single horn with 
normal endometrial and myometrial width (see Fig. 
7-9). If a second horn is present, it is rudimentary. In 
uterus didelphys (class HI), widely bifurcated uterine 
horns are separated by a deep fundal cleft. Cervical 
duplication, which is detected on pelvic examination, 
is another feature of this anomaly. The arcuate uterus 
(class VI) is considered by some to be a normal variant. 
The arcuate uterus is compatible with normal-term ges- 
tations. A smooth and often subtle indentation of the 
fundal endometrial contour is the only abnormality. 
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FIGURE 7-12 Bicornuate uterus on magnetic resonance imaging. 
Abnormal external uterine contour with widely divergent uterine 
horns (A) and a single cervix (B) is seen in this patient with an inci- 
dentally discovered bicornuate uterus. 


There is no division of the uterine cornua, and the 
external fundal contour is convex. From a hysterosal- 
pingogram, a ratio can be derived between the depth of 
the fundal indentation into the endometrial cavity and 
the distance between the lateral edges of the endome- 
trial cavity at the uterine horns. When the ratio is 10% 
or less, which is typical for an arcuate uterus, reproduc- 
tive failure due to uterine shape is not expected. 

On HSG, the septate uterus (class V) may be difficult 
to distinguish from the bicornuate uterus (class IV), 
particularly if the division of the bicornuate uterus does 
not involve the cervix (Table 7-1). This distinction is 
important for the selection of the appropriate surgical 


FIGURE 7-13 Three-dimensional (3D) ultrasound of a normal 
uterus. With a 3D volume acquisition scan of the uterus, the external 
contour of the uterus can be assessed in addition to the configuration 
of the uterine cavity. This may be helpful in differentiating the various 
miillerian anomalies. 


TABLE 7-1 
Septate Uteri 


Differentiating Bicornuate from 


Bicornuate Septate 

Depth of external >1 <1 

fundal cleft (em) 

Intercornual angle >105 <60-75 

(degrees) 

Intercornual >4 <2 

distance (em) 

Intercornual tissue Myometrial Fibrous or myometrial 
tissue tissue 


approach. In many patients the distinction between 
bicornuate and septate uteri cannot be made with HSG 
because neither the external fundal contour nor the 
nature of the dividing tissue can be defined by this 
technique. By contrast, TVS and MRI can be used to 
define the external contour of the fundus, and this is 
the most important feature for distinguishing a bicornu- 
ate from a septate uterus. In the septate uterus, the 
external fundal contour is usually either convex or flat, 
although it may have a slight concave indentation 1 cm 
or less in depth (Fig. 7-14). By contrast, bicornuate and 
didelphys uteri have a deep fundal concavity (Fig. 
7-15). The fundal cleft of a bicornuate uterus is deeper 
than 1 em. Another helpful distinguishing feature is the 
intercornual angle, or the angle defined by the medial 
margin of the endometrial hemicavities. In bicornuate 
and didelphys uteri, the intercornual angle is usually 
greater than 105 degrees on hysterosalpingogram, 
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Septate uterus (class V miillerian anomaly). A, Hysterosalpingogram shows distinct uterine cornua, 
separated by an indeterminate intercornual angle of 85 degrees. The external contour of the uterus cannot be assessed 
on hysterosalpingogram. B, Oblique coronal T2-weighted image demonstrates a flat fundal contour (arrowheads), 
which is consistent with septate uterus. C, The oblique coronal and the oblique transverse images clearly show myo- 
metrial tissue between the cornua. This is more typical of a bicornuate uterus, but can be seen here in a septate 
uterus. 


whereas in septate uterus, this angle is usually less than 
60 to 75 degrees. On HSG, an intercornual distance of 
less than 2 cm is associated with increased likelihood 
of septate uterus, whereas in bicornuate or didelphys 
uterus the intercornual distance is usually more than 
4 cm. An intercornual distance of 2 to 4 cm is indeter- 
minate on HSG in the setting of an abnormal uterine 
cavity configuration. 

Finally, the nature of the tissue separating the two 
endometrial hemicavities has been used to distinguish 
septate and bicornuate uteri; however, the appearance 
on MRI and sonography overlaps considerably between 
septate and bicornuate uteri. This is a less reliable 
feature than the external shape of the uterus for dif- 
ferentiating septate and bicornuate uteri. A septum 
composed of fibrous or myometrial tissue can be seen 
with a septate uterus, whereas in a bicornuate uterus 


the tissue between the uterine horns is exclusively 
myometrium (Fig. 7-16; also see Fig. 7-14). If the tissue 
dividing the endometrial canals is isoechoic or isoin- 
tense to myometrium, it is assumed to be myometrial 
in composition. If the tissue is fibrous, it will appear 
hypoechoic compared with myometrium on TVS, and 
it will appear hypointense on all MRI sequences. 
However, considerable overlap in the imaging features 
of the dividing tissues in these two entities has been 
found. 


Diethylstilbestrol Exposure In Utero 


DES is a synthetic estrogen that was prescribed from 
1940 to 1971 in the United States to prevent miscar- 
riage and premature labor. It was discontinued after 
its adverse effects became clear. This drug has been 
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Uterus didelphys (class HI miillerian anomaly). Axial 
T2-weighted image shows widely divergent uterine cornua with a 
deep fundal concavity (long arrow), as well as two cervices (short 
arrow). 


Retroverted partial septate uterus with fibrous septum 
on magnetic resonance imaging. Divergent endometrial canals are 
seen; however, the external contour of the uterine fundus is normal. 
Between the endometrial canals, there is tissue that is hypointense 
to the myometrium, consistent with a fibrous septum. 


associated with congenital anomalies of the female 
genital tract in the offspring of exposed women. These 
anomalies, designated as class VII miillerian anomalies, 
are associated with reduced fertility, premature deliv- 
ery, and ectopic pregnancy. Reported uterine dysmor- 
phisms include hypoplasia, irregular short strictures 
of the uterine corpus, and a T-shaped uterine cavity 
(Box 7-2 and Fig. 7-17). These anomalies of uterine 
shape are demonstrable on HSG and MRI. For example, 
on T2-weighted MR images, generalized uterine hypo- 
plasia may be seen, or there may be localized areas of 
junctional zone thickening, leading to focal indenta- 
tions or a T shape. In addition to uterine hypoplasia 
and dysplasia, in utero exposure to DES is associated 
with vaginal and cervical adenosis (i.e., glandular epi- 


Small, T-shaped uterus in a patient with infertility and 
a history of diethylstilbestrol exposure. Catheter hysterosalpingo- 
gram demonstrates a small uterine cavity with focal strictures 


(arrows) of the uterine corpus. Note the normal appearance of the 
fallopian tubes. 


BOX 7-2 Uterine Anomalies Resulting 
from Diethylstilbestrol 


Generalized hypoplasia 

Irregular short strictures of uterine corpus 

T shape 

Vaginal and cervical carcinomas 

Increased miscarriage rate and premature birth 
Not associated with urinary tract abnormalities 


thelial metaplasia), dysmorphic fallopian tubes, and an 
increased, although still very low, risk of clear-cell ade- 
nocarcinoma of the vagina and cervix (Fig. 7-18). It is 
unknown how long women who were exposed to DES 
in utero remain at risk for DES-related cancer. 


m= PELVIC PAIN 


Painful menstruation, or dysmenorrhea, which affects 
50% of women, may be primary or secondary to disor- 
ders of the reproductive tract. Primary dysmenorrhea 
is usually caused by prostaglandins, typically occurs 
with menstruation, and lasts 2 to 3 days. Crampy 
lower abdominal pain is common and usually responds 
to nonsteroidal anti-inflammatory drugs or oral birth 
control pills. By contrast, secondary dysmenorrhea 
caused by disorders of the reproductive tract is less 
often related to menses, may develop in older women, 
and may be associated with other signs and symptoms, 
such as abnormal bleeding or infertility. Uterine causes 
of secondary dysmenorrhea include leiomyomas, ade- 
nomyosis, uterine polyps, uterine anomalies, and cervi- 
cal stenosis. Extrauterine causes include pelvic 
inflammatory disease (PID) and endometriosis. 


Endometriosis and Adenomyosis 


Endometriosis is a benign, but potentially debilitating, 
disease in which functional endometrial tissue is found 
outside the uterus (Box 7-3). The pathogenesis of endo- 
metriosis is not certain and several theories have been 
proposed. Retrograde menstruation is the most widely 
accepted theory; however, the etiology is complex and 
multifactorial. Endometriosis may occur as superficial 
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Carcinoma of the vagina associated with diethylstilbestrol exposure. A, On a transverse T2-weighted 
magnetic resonance image, there is a 3-cm exophytic mass (arrow) originating from the superolateral recess of the 
vagina, next to the cervix (open arrow). This mass was surgically proven to be a poorly differentiated endometrioid 
carcinoma of the vagina. B, On a more cephalic image, a small endometrial cavity (arrow) is seen. 


BOX 7-3 Endometriosis 


Associated with infertility 

Predilection for ovary, cul-de-sac, uterosacral ligament, rec- 
tovaginal septum, broad ligament 

Small endometrial implants difficult to visualize on imaging 

Endometrioma (endometrial cyst, chocolate cyst) 

Paratubal adhesions 


peritoneal lesions (noninvasive implants), ovarian 
endometrioma, or deep infiltrating endometriosis. As 
with normal endometrium, ectopic endometrial tissue 
undergoes cyclical changes from hormonal influences 
related to the menstrual cycle. Repetitive episodes of 
desquamation and hemorrhage incite inflammation and 
fibrosis, leading to adhesions. It is estimated that 5% to 
10% of reproductive age women are afflicted by endo- 
metriosis, which can cause chronic pelvic pain, dys- 
menorrhea, infertility, vaginal spotting, dyspareunia, 
and irregular bleeding. Endometrial implants may cause 
tubal scarring or adnexal adhesions. Endometriosis has 
been found in up to 50% of women who undergo surgery 
for infertility. 

Pelvic sites for which endometriosis has a predilec- 
tion include the ovaries, the peritoneum of the cul-de- 
sac, the uterosacral ligaments, the rectovaginal septum, 
and the broad ligament. Approximately 60% of women 
with endometriosis have ovarian involvement, and in 
most patients both ovaries are involved. Endometrial 
implants typically are very small, frequently less than 
5 mm in diameter. These small implants are usually not 
detectable on ultrasound, but may be visible on MRI as 
T1-hyperintense foci (Fig. 7-19). When these implants 
become walled off and undergo cyclical hemorrhage, a 
cystic mass can result and is termed an endometrioma. 
The endometrioma begins as a small cyst, which is filled 
with thick, dark fluid with the consistency of motor oil. 


Noninvasive endometrial implants on magnetic reso- 
nance imaging. In this patient with pelvic pain and infertility, a 
T1-weighted image with fat saturation shows a tiny T1-hyperintense 
implant adherent to the serosa of the uterus and an additional implant 
within the broad ligament (arrows). Several additional endometrial 
implants were also present (not shown). 


This fluid is composed of chronic by-products of hem- 
orrhage and desquamated endometrial tissue. The cyst 
wall may thicken as a result of reactive fibrosis. A 
tender, fixed mass may form, which may be difficult 
to distinguish from a hemorrhagic ovarian cyst or 
corpus luteum, tubo-ovarian complex or abscess, benign 
or malignant ovarian neoplasm, or ectopic pregnancy. 
When endometriosis involves peritoneal surfaces it can 
incite cicatrization, which can cause obstruction of the 
gastrointestinal or urinary tracts and fixed retroversion 
of the uterus. 

Of all patients with untreated endometriosis, ap- 
proximately 50% will either have their symptoms 
improved or remain the same over 6 months, and for 
the other 50% the condition will worsen. When neces- 
sary, medical therapy of endometriosis includes the 
use of hormonal contraceptives, gonadotropin-releasing 
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BOX 7-4 Imaging of Endometriomas 


Multiple or multilocular 

Uniform low-level internal echoes and posterior acoustic 
enhancement are the hallmarks on ultrasound 

Tl-weighted image: hyperintense, no change with fat 
saturation 

T2-weighted image: shading, hypointense rim 

Differential diagnosis: hemorrhagic ovarian cyst 


hormone (GnRH) agonists and antagonists, medroxy- 
progesterone, and danazol (an androgen derivative). 
Several surgical options including cyst puncture, cyst 
ablation, and excision of the cyst wall can be performed 
when medical therapy is unsuccessful. Adhesions 
related to endometriosis are managed surgically. 

Endometriosis is occult to many imaging tests 
because implants are typically smaller than 5 mm. In 
some patients the only sequela of endometriosis and 
cyclical hemorrhage is fibrosis, and in the absence of a 
distinct mass the results of the ultrasound examination 
will be essentially normal. A majority of sonographi- 
cally detected endometriomas are located in the adnexa 
or cephalad to the uterine fundus. Although the sono- 
graphic appearance of an endometrioma is highly 
variable, certain sonographic features may suggest the 
diagnosis (Box 7-4). Posterior acoustic enhancement 
can almost always be demonstrated in endometriomas, 
which are either predominantly or completely cystic. 
Diffuse low-level internal echoes are thought to result 
from blood and desquamated tissue (Fig. 7-20). Fluid- 
fluid levels may be seen (Fig. 7-21). The thickness of 
the wall is variable and endometriomas can be multi- 
locular or septated. The presence of paratubal adhe- 
sions suggests the diagnosis of endometriosis and can 
be diagnosed with HSG. When these adhesions are 
present, the fallopian tube will be convoluted or teth- 
ered into a fixed position. With HSG, loculated contrast 
material may pool within pseudocavities created by 
adhesions, creating a peritubal halo effect (Fig. 7-22). 

Although laparoscopy is widely considered the pro- 
cedure of choice for diagnosis, staging, and follow-up 
evaluation of endometriosis, MRI may help to guide the 
surgical approach, especially for deep infiltrating endo- 
metriosis, and may help to differentiate endometriosis 
from other causes of pelvic pain and infertility. MRI is 
also of value when pelvic laparoscopy is limited by 
dense adhesions from either previous surgery or exten- 
sive endometriosis. 

MRI has been shown to be highly sensitive and 
specific for differentiating endometriomas from other 
adnexal masses and is therefore often utilized to further 
characterize an adnexal mass that is indeterminate on 
sonographic evaluation. The classic MRI appearance of 
an endometrioma is an adnexal mass with hyperintense 
signal on T1-weighted images and hypointense signal 
on T2-weighted images secondary to high concentra- 
tion of iron, protein, and methemoglobin from recur- 
rent hemorrhage. The hypointense appearance of an 
endometrioma on T2-weighted images secondary to 
T2 shortening has been referred to as T2 shading 
(Figs. 7-23 and Fig. 7-24). When performing MRI for the 


Endometrioma on computed tomography (CT) and 
ultrasound. A, A cystic lesion is identified in the left adnexa on CT 
in a young woman with pelvic pain. This lesion was present on a CT 
1 year before (not shown) and thought at that time to represent a 
functional cyst. B, Ultrasound obtained to further characterize this 
persistent lesion shows a cystic mass in the left ovary with posterior 
acoustic enhancement and diffuse low-level internal echoes, findings 
characteristic of an endometrioma. 


evaluation of a suspected endometrioma, it is important 
that chemically selective fat-suppressed T1-weighted 
images be acquired whenever possible. Fat-suppressed 
T1-weighted images will increase the conspicuity of 
hemorrhagic adnexal cysts and permit distinction from 
a dermoid cyst. An endometrioma and hemorrhagic 
functional ovarian cyst will remain hyperintense on 
fat-suppressed Tl1-weighted images, whereas the fat 
component of a dermoid will become hypointense 
(see Fig. 7-24). It may be difficult to differentiate an 


The Female Genital Tract 263 


Fluid-fluid level in an endometrioma on ultrasound. 
Two cystic lesions with homogeneous low-level internal echoes 
and posterior acoustic enhancement (asterisks) are present in the 
left adnexa, in addition to a cystic lesion with a fluid-fluid level 
(arrow) in this patient with pelvic pain. Findings are consistent with 
endometriomas. 


Peritubal adhesions. Hysterosalpingogram demon- 
strates pooling of contrast material (arrow) near the fimbria of the 
right fallopian tube. 


endometrioma from a hemorrhagic functional ovarian 
cyst on MRI; however, endometriomas tend to have 
lower T2 signal secondary to recurrent hemorrhage (T2 
shading). Bilaterality and multifocality, when present, 
further support the diagnosis of endometrioma. The 
presence of T1-hyperintense signal in a fallopian tube 
(hematosalpinx) on MRI also suggests the diagnosis of 
endometriosis (Fig. 7-25). 

Deep BAN endometuidsia presents as a solid 
mass with low-signal intensity on T2-weighted images 


Endometrioma on magnetic resonance imaging. A, In 
this patient with pelvic pain, a T1-weighted image with fat saturation 
shows a complex, septated Tl-hyperintense mass in the central 
aspect of the pelvis. B, On a T2-weighted image, the mass demon- 
strates low-signal intensity, or T2 shading. 


and may be difficult to recognize on MRI. Punctate foci 
of high-signal intensity, representing ectopic endome- 
trial glands, are sometimes seen within these masses on 
T2-weighted images and facilitate the diagnosis. Typical 
locations for deep pelvic endometriosis include the 
rectovaginal septum, uterosacral ligaments, vagina, gas- 
trointestinal tract, and urinary tract (Fig. 7-26). Endo- 
metriosis may also occur within laparoscopy or cesarean 
See sears, a condition known as scar endometriosis 
(Fig. 7-27). 

eee is the presence of ectopic endometrial 
tissue and stroma in the myometrium, which induces 
an overgrowth of surrounding uterine smooth muscle. 
Adenomyosis most often affects women in their late 
reproductive years. There are focal and diffuse forms. 
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Magnetic resonance imaging of ovarian dermoid and endometrioma. A, Two masses in the pelvis are 
hyperintense on a T1-weighted gradient-echo in-phase image. The anterior mass is isointense to subcutaneous fat and 
the posterior mass is hyperintense relative to the subcutaneous fat. B, On a T1-weighted image with fat saturation, 
the anterior mass loses signal secondary to the presence of macroscopic fat, whereas the posterior lesion remains 
hyperintense secondary to blood products. Findings are consistent with an ovarian dermoid anteriorly and an endo- 
metrioma posteriorly. C, The dermoid is isointense to fat on a T2-weighted image without fat saturation and the 
endometrioma shows marked signal loss (T2 shading). 


The sonographic findings of adenomyosis are highly 
variable. The uterus may appear normal or there may 
be heterogeneous myometrial echotexture. Additional 
findings that may suggest the diagnosis are (1) globular 
uterine enlargement; (2) myometrial/subendometrial 
cysts; (3) asymmetric uterine wall thickening; (4) sub- 
endometrial echogenic linear striations; (5) poor defini- 
tion of the endometrial/myometrial interface; and (6) 
thickening of the junctional zone greater than 12 mm 
(Fig. 7-28). 

MRI has been shown to have similar sensitivity and 
specificity to ultrasound in the diagnosis of adenomyo- 
sis. Focal and diffuse forms of adenomyosis occur with 


similar frequency. The presence of subendometrial 
cystic foci is a direct sign of adenomyosis; however, the 
foci are only seen on MRI in approximately 50% of cases 
(Fig. 7-29). Thickening of the junctional zone greater 
than 12 mm constitutes an indirect sign of adenomyo- 
sis and when present allows for the diagnosis of adeno- 
myosis with 85% accuracy (Fig. 7-30). Occasionally a 
focal region of adenomyosis may form a mass and this 
has been termed adenomyoma. 

Uterine fibroids, which are present in up to 50% 
of patients with adenomyosis, may confound the 
sonographic diagnosis; however, several distinguishing 
features of adenomyosis can be identified on MRI 
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Hematosalpinx on magnetic resonance imaging. 
A, Sagittal T2-weighted image shows a dilated left fallopian tube 
(arrow) with intermediate T2 signal. On axial (B) and coronal 
(C) T1-weighted images with fat suppression, the dilated fallopian 
tube (arrows) has hyperintense signal, consistent with blood prod- 
ucts. A large submucosal fibroid is incidentally noted (asterisks). An 
endometrioma was also present (not shown) in this patient with 
endometriosis. 


Deep infiltrating endometriosis. The left uterosacral 
ligament (arrow) is thickened and hypointense on this T2-weighted 
image in a patient with deep pelvic endometriosis. 


Scar endometriosis. A nodule with adjacent inflam- 
matory changes is seen at the level of the umbilicus in a patient with 
abdominal pain who previously underwent laparoscopic surgery. Scar 
endometriosis was confirmed at surgical excision. 


(Table 7-2). While leiomyomas typically are round, 
focal adenomyosis may be oval or elongated. Focal ade- 
nomyosis is less well defined than a leiomyoma and is 
almost always contiguous with the junctional zone, 
which is frequently thicker than 12 mm. The margins 
of adenomyomas are ill defined, whereas fibroids typi- 
cally have circumscribed margins. T2-weighted images 
will show a relatively homogeneous, low-signal inten- 
sity mass, but the signal intensity is not as uniform or 
as low in intensity as with leiomyomas (Fig. 7-31). 
There may be small, high-intensity foci within an 
adenomyoma on T1- and T2-weighted images, which 
represent hemorrhage in ectopic endometrial islands. 
Other areas that are bright on T2-weighted images but 
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Adenomyosis on ultrasound. On sagittal (A) and 
transverse (B) images of the uterus, several small myometrial cysts 
(arrows) are seen near the interface with the endometrium, a char- 
acteristic finding of adenomyosis. These cysts represent dilated fluid- 
filled endometrial glands in the myometrium. 


TABLE 7-2 Differentiating Leiomyoma 
and Adenomyosis 


Leiomyoma Adenomyosis 
Margin Well defined Ill defined 
Focality Focal Focal or diffuse 
T2 signal intensity Hypointense* Small hyperintense 
foci’ 
Thickened No Yes 


junctional zone 


*Unless degeneration is present. 
‘May be present, but not necessarily. 


not seen on T1-weighted images represent small foci of 
nonhemorrhagic endometrial tissue. 


Pelvic Inflammatory Disease 


PID comprises a spectrum of infectious diseases of 
the upper female genital tract, including the uterus, 
fallopian tubes, and ovaries (Box 7-5). Clinical criteria 


Focal adenomyosis on magnetic resonance imaging. 
A, The posterior junctional zone is markedly thickened and contains 
numerous tiny, hyperintense cystic foci on a sagittal T2-weighted 
image. B, Axial T1-weighted image with fat suppression shows mul- 
tiple tiny, T1-hyperintense hemorrhagic foci in the thickened poste- 
rior junctional zone. Two endometriomas are also present posterior 
to the uterus (arrows). 


BOX 7-5 Pelvic Inflammatory Disease 


Ascending spread of infection 
Cervicitis 

Endometritis 

Salpingitis 

Hydrosalpinx or pyosalpinx 
Tubo-ovarian complex 
Tubo-ovarian abscess 


include lower abdominal or pelvic pain, vaginal dis- 
charge, cervical motion tenderness, adnexal tender- 
ness, and signs of infection such as fever and 
leukocytosis. Sexually transmitted infection of the 
fallopian tubes or ovaries is common and frequently 
there is evidence of infection with Neisseria gonor- 
rhoeae or Chlamydia trachomatis, or both. Intrauter- 
ine contraceptive devices predispose to infection with 
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Magnetic resonance imaging of diffuse adenomyosis. 
The junctional zone (arrow) is thickened (>12 mm) on this sagittal T2- 
weighted image, a finding characteristic of adenomyosis. 


Adenomyoma and fibroid on magnetic resonance 
imaging (MRI). A mass in the anterior uterine body (long arrow) is 
circumscribed and very low in signal intensity on a sagittal T2- 
weighted MRI, consistent with a fibroid. A masslike area in the 
uterine fundus (short arrow) is less well defined, less hypointense, 
and contains several hyperintense cystic foci, compatible with an 
adenomyoma. 


Actinomyces israelii. Sexually transmitted infections 
usually begin as cervicitis, which ascends to second- 
arily involve the endometrial cavity and fallopian tubes. 
An infectious salpingitis may be the full extent of disease 
or, through tubal spillage, peritoneal spread of infection 
may result in a local peritonitis and oophoritis. Adnexal 
adhesions may cause fusion of the inflamed tube and 
ovary, termed a tubo-ovarian complex. Necrosis of the 
phlegmonous mass may result in a tubo-ovarian abscess. 


Ultrasonography of endometritis. Sagittal image of the 
uterus demonstrates a thickened endometrial echo complex and focal 
distention of the endometrial cavity by fluid (asterisk). 


Initial management of PID includes aggressive therapy 
with broad-spectrum antibiotics. When fever, leukocy- 
tosis, and pain persist despite intravenous antibiotic 
administration, surgery has been the traditional alter- 
native, although tubo-ovarian abscess has been managed 
effectively with percutaneous catheter drainage. Poten- 
tial sequelae of tubal inflammation, particularly if 
recurrent or severe, are infertility and ectopic preg- 
nancy caused by tubal strictures or dysmotility. 
Other problems that may result from chronic PID 
include recurrent pelvic pain, menometrorrhagia, and 
dyspareunia. 

Because PID has a relatively high prevalence among 
women of reproductive age, transabdominal sonog- 
raphy and TVS have been used most often for diagnosis 
and follow-up evaluation. Up to one third of patients 
with clinical signs or symptoms of PID have normal 
ultrasound examination results, possibly because dis- 
ease is early or mild. A variety of sonographic findings 
have been described in PID. The inflamed uterus may 
be enlarged and ill defined. In patients with infectious 
endometritis, excessive fluid may be present in the 
endometrial cavity, or the central endometrial echo 
complex may be indistinct (Fig. 7-32). Because normal 
fallopian tubes are 1 to 4 mm in diameter, they are not 
identified consistently on ultrasound, and in many 
patients mild tubal erythema and salpingitis are unde- 
tectable. Hydrosalpinx is dilatation of the ampullary 
segment of the tube that accompanies distal obstruc- 
tion; pyosalpinx refers to purulent infection of a dilated 
tube. Abnormal tubes are distended with fluid, may be 
folded or septated, and can have thick, echogenic walls 
with thickened endosalpingeal folds (Fig. 7-33). Debris 
or low-level internal echoes may be seen within the 
dilated fallopian tube. In some patients it may be dif- 
ficult to differentiate a dilated fallopian tube from bowel 
loops or distended pelvic veins. The absence of peristal- 
sis or flow in hydrosalpinx and pyosalpinx can be docu- 
mented on Doppler sonography. Cystic adnexal masses 
also may mimic hydrosalpinx on ultrasound evaluation. 
Visualization of thickened endosalpingeal folds (cog- 
wheel sign) may be helpful in distinguishing the fallo- 
pian tube from adjacent structures (see Fig. 7-33). The 
ovaries may be enlarged or may appear poorly defined. 
Complex adnexal masses on transabdominal sonograms 
may represent hydrosalpinx/pyosalpinx, tubo-ovarian 
complex, or tubo-ovarian abscess. The improved visu- 
alization of tubal and ovarian inflammation with TVS 
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Pyosalpinx in a patient with vaginal discharge and 
cervical motion tenderness. A, Transverse transabdominal ultrasound 
image shows a tubular structure with a thickened wall in the right 
adnexa adjacent to the urinary bladder, consistent with a dilated and 
inflamed fallopian tube. B, On transvaginal ultrasound, a dilated fal- 
lopian tube with thickened endosalpingeal folds (arrows), thick wall, 
and internal debris is seen adjacent to the right ovary (asterisk). 


may allow for differentiation of these different stages of 
PID (Fig. 7-34). 

Adhesions and loculated fluid collections in the 
adnexa or cul-de-sac can complicate chronic or recur- 
rent PID. Pelvic peritoneal adhesions and peritoneal 
inclusion cysts may result from PID, previous pelvic 
surgery, or endometriosis. The sliding sign describes 
en bloc motion of adherent organs on ultrasound 
when simultaneous pressure is applied to the pelvic 
organs with the examiner’s free hand. This motion 
occurs because adhesions tether the ovary and tubes 
to surrounding viscera. On HSG, adhesions may mani- 
fest as loculated collections of spilled contrast material 
that fail to disperse around loops of pelvic bowel 
(Fig. 7-35). 


Tubo-ovarian complex on ultrasound and computed 
tomography (CT). Transvaginal sonography (A) and CT (B) demon- 
strate a complex left adnexal mass in a patient with pelvic inflamma- 
tory disease, representing an inflammatory mass consisting of a 
dilated fallopian tube and adherent ovary. 


CT can be used to evaluate patients with compli- 
cated PID, particularly when adequate information is 
unobtainable with sonography. Findings include bilat- 
eral, low-attenuation adnexal masses with irregularly 
thickened walls, which represent the tubo-ovarian 
complex, and an enlarged, ill-defined uterus (see Fig. 
7-34). Hydrosalpinx or pyosalpinx may appear as a 
complex, fluid-filled, tubular structure or multicystic 
adnexal mass (Fig. 7-36). Secondary findings include 
pelvic ascites, thickening of the uterosacral ligaments, 
and increased density within the pelvic fat caused by 
inflammation (Fig. 7-37). Ureterectasis may result from 
the inflammatory process. Although the appearance 
of PID on CT images is not specific, other focal inflam- 
matory processes in the pelvis are less frequently 
bilateral. 
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Hydrosalpinx on computed tomography (CT). A 


Adnexal adhesions. A, Early film from a hysterosal- dilated right fallopian tube is seen on axial (A) and coronal (B) images 
pingogram shows normal fallopian tubes. Contrast material from the in two different patients on CT. Hydrosalpinx and pyosalpinx can 
left tube is beginning to pool next to the left fallopian tube (arrow). have an identical appearance on CT and this finding should be cor- 
B, A late film after evacuation of contrast material from the uterine related with the patient’s clinical presentation. 


cavity shows two persistent focal collections of contrast material 
caused by pelvic adhesions. 


Computed tomography findings of pelvic inflammatory disease. A and B, Peritoneal thickening (arrow- 
head), slightly increased density of the pelvic fat (inflammatory fat stranding) (arrow), and a small amount of free 
pelvic fluid are seen in a patient with cervical motion tenderness, mild peritonitis, and positive cervical swab for 
Neisseria gonorrhoeae. 
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Ruptured tubo-ovarian abscess on computed tomog- 
raphy (CT). Axial CT image shows a complex fluid collection with 
associated inflammatory changes in the right adnexa in a patient with 
right lower quadrant pain, fever, and leukocytosis. The origin of the 
fluid collection could not be determined on CT, and at surgery a 
ruptured tubo-ovarian abscess was diagnosed. 


Tubo-Ovarian Abscess 


In approximately 1% of women who are treated for 
acute salpingitis, the condition progresses to tubo- 
ovarian abscess. Patients with tubo-ovarian abscess 
usually are ill and may present with pelvic pain, marked 
adnexal tenderness, high fever, nausea, and emesis. 
Clinically and radiographically, tubo-ovarian abscess 
can be difficult to distinguish from ovarian torsion, 
diverticular or other pelvic abscesses, and appendicitis. 
Patients usually are treated with intravenous hydration, 
analgesics, and broad-spectrum antibiotics. Treatment 
by surgery or interventional radiology is necessary only 
if the patient’s symptoms fail to respond clinically 
within 72 hours after the administration of antibiotics 
or if abscess rupture is suspected (Fig. 7-38). 

Ultrasonography is usually the primary imaging test 
used to evaluate suspected PID or tubo-ovarian abscess. 
Sonography identifies either a cystic, solid, or hetero- 
geneous adnexal mass in more than 90% of patients 
with clinically diagnosed tubo-ovarian abscess (Fig. 
7-39). The ovary frequently is enlarged, and normal 
ovarian morphology is unrecognizable in most patients. 
In patients with severe cases, there may be irregular 
septations and fluid/debris levels that distort the adnexa 
completely. 

CT may demonstrate a tubular or spherical mass, 
containing single or multiple focal areas of hypoattenu- 
ation. Thick walls and septations are common. Internal 
foci of gas may be present; however, this is uncommon 
(Fig. 7-40). The inflammatory nature of these masses 
is suggested by the loss of distinct fat planes between 
the mass and pelvic viscera and by thickening of 
the uterosacral ligaments. Dilatation of one or both 
ureters is another common finding on CT, and regional 
lymphadenopathy may be present. The differential 
diagnosis of these CT findings includes infected ovarian 
cyst, cystic ovarian neoplasm, endometriosis, pelvic 


il 
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Tubo-ovarian abscess on transvaginal sonography in 
a patient with fever and right lower quadrant pain. A complex cystic 
mass is demonstrated in the right adnexa, consistent with a tubo- 
ovarian abscess in this patient who presented with symptoms and 
physical examination findings of pelvic inflammatory disease. 


Gas-containing tubo-ovarian abscess on computed 
tomography. In a patient with clinically diagnosed pelvic inflamma- 
tory disease not responsive to medical therapy, a complex fluid col- 
lection with an air-fluid level (arrow) is identified in the left adnexa, 
consistent with a tubo-ovarian abscess. 


hematoma, abscess of nongynecologic origin, and rarely 
ectopic pregnancy (Fig. 7-41). 

In the setting of PID, right upper quadrant pain may 
indicate the presence of perihepatitis, or Fitz-Hugh- 
Curtis syndrome. On CT, thickening and enhancement 
of the liver capsule may be seen, as well as perihepatic 
ascites (Fig. 7-42). This results from spread of infection 
along the right paracolic gutter or via the lymphatic 
system. 


Ovarian Torsion 


Torsion of the ovary affects all age groups, however, it 
is most common in women of reproductive age. Large 
ovarian cysts and cystic neoplasms, such as mature 
cystic teratomas (dermoids) and cystadenomas, predis- 
pose to torsion. Torsion of a normal ovary is rare and 
potential etiologies include an excessively long or tortu- 
ous mesosalpinx or mesosalpingeal vessels, and tubal 
spasm. Mechanical torsion compromises lymphatic and 
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FIGURE 7-41 Tubo-ovarian abscess on computed tomography. A 
complex cystic mass in the pelvis with adjacent inflammatory fat 
stranding was diagnosed as a tubo-ovarian abscess at surgery. A cystic 
ovarian neoplasm, endometrioma, or abscess of nongynecologic 
origin could have a similar imaging appearance. 


FIGURE 7-42 Perihepatitis in a patient with pelvic inflammatory 
disease (Fitz-Hugh-Curtis syndrome). Axial contrast-enhanced com- 
puted tomography image in a patient with right upper quadrant pain 
shows enhancement of the liver capsule (arrows) secondary to peri- 
toneal spread of infection from pelvic inflammatory disease. 


venous drainage of the adnexa initially, producing 
passive congestion. Venous thrombosis and hemor- 
rhage ensue, eventually compromising arterial perfu- 
sion and leading to complete infarction. The diagnosis 
of ovarian torsion is in the differential diagnosis of a 
painful solid pelvic mass, with or without free pelvic 
fluid (Fig. 7-43). Findings associated with ovarian 
torsion are summarized in Box 7-6. In some patients 
with ovarian torsion, sonography, CT, or MRI will show 
multiple 8- to 10-mm follicles in the periphery of a 
markedly enlarged ovary; this has been described as the 
string of pearls sign. The ovary may be so enlarged that 
it assumes a midline position, typically superior to the 
uterine fundus. An asymmetrically enlarged ovary is 
often the best clue to the diagnosis of ovarian torsion, 
as US may demonstrate arterial and venous flows in a 
torsed ovary. The uterus may be deviated toward the 
torsed ovary. Pelvic free fluid is usually present. On CT 
or MR images, the torsed ovary may have a beaked or 


FIGURE 7-43 Ovarian torsion on computed tomography (CT) and 
ultrasound. A, In a patient with right lower quadrant abdominal pain, 
CT shows a solid mass (arrow) in the right adnexa that is peripherally 
hyperdense, suggestive of hemorrhage. B, On color Doppler ultra- 
sound, an enlarged right ovary with no internal blood flow is seen. 
Absence of flow was confirmed with spectral Doppler (not shown). 
C, The normal left ovary is shown for comparison. Torsion of the right 
ovary was confirmed at surgery. 


serpentine protrusion at the apex of the twist. In addi- 
tion, a torsed and edematous pedicle and engorged 
straight vessels may be draped around the ovary. After 
administration of contrast material, CT of the torsed 
ovary may show an adnexal mass with prominent 
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BOX 7-6 Ovarian Torsion 


May be an extrapelvic mass in prepubertal girls 

Unilateral ovarian enlargement is the most common finding 

Multiple 8- to 10-mm peripheral follicles in an enlarged ovary 

Beaked or serpentine protrusion at site of twist 

Surrounded by engorged, straight vessels 

Midline position of enlarged ovary, most often superior to 
uterine fundus 

Deviation of uterus toward torsed ovary 

Color Doppler flow and enhancement variable; decreased or 
absence of venous flow most common 

Free pelvic fluid usually present 


FIGURE 7-44 Ovarian torsion. An enlarged left ovary was identified 
in a patient with the acute onset of left-sided pelvic pain, and no 
internal vascular flow could be demonstrated with spectral Doppler 
imaging. Ovarian torsion was confirmed at surgery. 


peripheral hyperattenuation resulting from vascular 
congestion. The attenuation of the torsed ovary may be 
heterogeneous, as a result of variable perfusion. Doppler 
interrogation of suspected ovarian torsion may be valu- 
able, although results are mixed because of variable 
degrees of vascular compromise (Fig. 7-44). Decreased 
or absence of venous flow in the ovary is the most 
common finding at Doppler imaging. Preservation of 
arterial flow may be seen secondary to the dual blood 
supply to the ovary, or as a result of patients presenting 
for evaluation before the development of arterial 
occlusion. 


Uterine Leiomyoma 


Uterine leiomyomas (fibroids) are benign smooth- 
muscle tumors that are detected in 20% to 30% of 
women (Box 7-7). An increased prevalence and rate of 
growth have been reported in African-American women. 
These tumors are estrogen dependent; therefore there 
is an increased prevalence of leiomyomas in patients 
with diseases associated with hyperestrogenism, such 
as endometrial hyperplasia, endometrial cancer, anovu- 
latory states, and granulosa-theca cell tumors. Gyneco- 
logic symptoms that are attributed to fibroids include 
menorrhagia, metrorrhagia, pelvic pain, dyspareunia, 


BOX 7-7 Leiomyomas (Fibroids) 


Occur in 20% to 30% of women 

Estrogen-dependent growth 

Less than 0.5% malignant dedifferentiation to leiomyosar- 
coma (most common uterine sarcoma given the high prev- 
alence of uterine fibroids) 

Calcification, degeneration (cystic, hyaline, myxomatous, 
fatty, or hemorrhagic), and secondary infection modify 
appearance 


dysmenorrhea, infertility, and symptoms related to 
pressure on adjacent pelvic organs. About 5% of leio- 
myomas are associated with irritative urinary tract 
symptoms, acute or chronic urinary retention, or ure- 
teral compression; however, a majority of fibroids are 
asymptomatic. 

Fibroids are classified by location with respect to the 
uterine wall. Therefore leiomyomas are described 
as submucosal, intramural, or subserosal. An intramu- 
ral location is the most common. The prevalence 
of infertility and excessive bleeding is highest for 
patients with submucosal fibroids (Fig. 7-45). Submu- 
cosal fibroids can be managed with hysteroscopic myo- 
mectomy. Pedunculated subserosal fibroids may present 
as adnexal masses and if their stalk is narrow, they may 
be difficult to distinguish from solid ovarian neoplasms 
including fibromas, fibrothecomas, or Brenner tumors 
(Figs. 7-46 and 7-57). Rarely, a pedunculated subserosal 
fibroid may detach from the uterus and develop as a 
separate mass in the broad ligament (intraligamentous 
or broad-ligament fibroid). Leiomyomas can also origi- 
nate in the cervix (Fig. 7-47). 

The natural history of unmanaged leiomyomas is 
such that regression, or at least stabilization, occurs 
after menopause; however, hyaline, myxoid, cystic, 
red (hemorrhagic), or fatty degeneration of leiomy- 
omas may occur. Degenerated fibroids may also calcify. 
Rarely, leiomyosarcoma may arise from a pre-existing 
leiomyoma; however, most leiomyosarcomas are 
thought to arise de novo from the smooth-muscle cells 
of the myometrium. Being estrogen sensitive, leiomyo- 
mas may enlarge or degenerate during pregnancy (Fig. 
7-48). Approximately 10% of women who are pregnant 
and have uterine fibroids must be hospitalized during 
the pregnancy for related complications. Pain generally 
is not a feature unless the uterus is markedly enlarged 
or the fibroid undergoes acute infarction or hemor- 
rhagic degeneration during pregnancy (Fig. 7-49). Large 
leiomyomas can interfere with the growth of the fetus 
and, when located in the lower uterine segment, may 
cause dystocia. 

Complications related to uterine leiomyomas are 
one of the most common indications for major surgery 
in women. Indications for uterine artery embolization 
(UAE) or myomectomy include abnormal uterine 
bleeding, pelvic pain and pressure, dysmenorrhea, 
infertility, and symptoms related to mass effect includ- 
ing constipation, bloating, and irritative urinary tract 
symptoms. 

Myomectomy may be performed by operative hyster- 
oscopy, laparoscopy, or laparotomy. Hysteroscopic 
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Submucosal fibroid on magnetic resonance imaging. 
A hypointense mass (arrows in A and B) is seen protruding into the 
endometrial cavity on axial (A) and sagittal (B) T2-weighted images. 
Submucosal fibroids are associated with a higher prevalence of infer- 
tility and menorrhagia than intramural or subserosal fibroids. 


myomectomy is reserved for submucosal leiomyomas, 
and a laparoscopic or open surgical approach is 
elected when the fibroid is intramural, subserosal, or 
pedunculated. 

UAE is a minimally invasive technique and has been 
shown to reduce or eliminate symptoms related to 
fibroids in up to 85% to 90% of women who undergo the 
procedure. In this procedure, both uterine arteries are 
selectively catheterized and embolized with polyvinyl 
alcohol particles or coils, which typically leads to 
shrinkage of the uterus and fibroids. Ultrasound or MRI 
can be utilized in the preoperative and postoperative 
evaluation of patients being treated with UAE. 

MR-guided focused ultrasound is a newer technique 
that has been used to treat fibroids in some patients. 


Pedunculated subserosal fibroid. Transverse T2- 
weighted magnetic resonance image shows a large pedunculated 
hypointense mass arising from the anterior aspect of the uterine 
body. Additional intramural fibroids are present. If the pedicle is 
extremely narrow and not visualized, it may be difficult to distinguish 
a pedunculated fibroid from a T2-hypointense ovarian mass such as 
fibroma, fibrothecoma, or Brenner tumor. 


Cervical fibroid. On this axial T2-weighted magnetic 
resonance image, a heterogeneous, predominantly T2-hypointense 
mass arises from the anterior aspect of the cervix. Additional intra- 
mural fibroids are noted. Cervical fibroids may enlarge during preg- 
nancy and impede vaginal delivery. 


With this technique, high-energy ultrasound waves are 
delivered into the fibroids, resulting in thermal coagula- 
tion. Studies on the long-term efficacy of this technique 
are ongoing. 

In addition to surgery, UAE, and MR-guided focused 
ultrasound, several medical therapies are available 
for the treatment of symptomatic fibroids. These 
include GnRH agonists combined with hormone- 
replacement therapy and progesterone-releasing intra- 
uterine devices. 
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Large fibroid in a pregnant patient. The placenta 
(asterisk) is partially attached to a large uterine fibroid (arrow) in 
the uterine fundus. Fibroids may enlarge or degenerate during preg- 
nancy and are associated with an increased rate of complications 
during pregnancy. 


Degeneration of a uterine fibroid during pregnancy. 
On this coronal oblique T2-weighted image of the gravid uterus, two 
fibroids are seen. One of the fibroids is uniformly T2 hypointense 
(long arrow), and the other is heterogeneous (short arrow) with 
a T2-hyperintense component and fluid-fluid level secondary to 
degeneration. 


The imaging appearance of a uterine fibroid depends 
on its relative composition of muscle and fibrous tissue 
and on the presence and nature of degeneration (Box 
7-8). Fibroids may be difficult to detect with ultraso- 
nography because of variable patterns of echogenicity; 
prospective sensitivity of sonography for the detection 


Uterine fibroid on transvaginal ultrasound. A 
hypoechoic mass with areas of shadowing is seen within the body of 
the retroverted uterus, the typical sonographic appearance of a 
uterine fibroid. This intramural fibroid causes a slight bulge in the 
external uterine contour. 


BOX 7-8 Imaging of Leiomyomas 


Submucosal, intramural, subserosal, or combination 
Plain radiography 
Coarse, popceornlike calcification 
Nonspecific soft-tissue mass, sometimes large 
Ultrasonography 
Hypoechoic focal mass or globular enlargement of uterus 
Acoustic shadowing resulting from calcification 
Irregular anechoic area resulting from degeneration 
Hysterosalpingography 
Submucosal—focal endometrial filling defect 
Intramural—deformation of endometrial cavity 
Subserosal—no signs, or displacement of uterine cavity 
Computed tomography 
Uniform attenuation of a globular or lobulated, enlarged 
uterus 
Heterogeneous or hypodense as a result of degeneration 
Coarse, dystrophic calcification 
Macroscopic fat in lipoleiomyoma 
Magnetic resonance imaging 
T1-weighted image—isointense or hypointense compared 
with myometrium (T1 hyperintense in case of hemor- 
rhage or fatty degeneration) 
T2-weighted image homogeneous—hypointense 
T2-weighted image—heterogeneous or hyperintense as a 
result of degeneration 


of uterine fibroids is as low as 40% to 60% and is par- 
ticularly low for isoechoic fibroids in a retroverted 
uterus. A majority of fibroids are intramural and appear 
as focal hypoechoic masses that frequently distort the 
contour of the uterus (Fig. 7-50). Increased echogenicity 
of some leiomyomas may be attributed to the presence 
of calcification or fatty degeneration (lipoleiomyoma; 
Fig. 7-51). Irregular anechoic areas within large fibroids 
are attributed to hyaline or cystic degeneration. By 
transabdominal sonography, it may not be possible to 
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Lipoleiomyoma. Longitudinal ultrasound image of the 
lower uterine segment shows a large, uniformly hyperechoic, non- 
shadowing mass, characteristic of fatty degeneration of a uterine 
fibroid. 


Bridging vascular sign. Several flow voids (arrow) are 
seen between the uterine myometrium and a T2-hypointense left 
adnexal mass (asterisk), confirming that the mass is a pedunculated 
subserosal fibroid and not a mass of ovarian origin. 


distinguish submucosal and intramural fibroids. Distor- 
tion of the endometrial echo complex by a submucosal 
fibroid is usually easier to identify on endovaginal 
sonography or sonohysterography. A pedunculated sub- 
serosal leiomyoma may simulate a solid adnexal mass 
because the echogenicity of leiomyomas and solid 
ovarian tumors can be identical. The presence of 
multiple vessels at the interface of the uterus and a 
parauterine/adnexal mass may be helpful in confirming 
the uterine origin of the mass; this has been described 
as the bridging vascular sign (Fig. 7-52). 

MRI is highly accurate for the detection and localiza- 
tion of uterine fibroids and can assist in preoperative 
planning. MRI may be particularly useful when sono- 
graphic results are equivocal because of coexistent 
adnexal disease, when a fibroid is large, or when the 


Classification of fibroids on magnetic resonance 
imaging (MRI). Despite the presence of numerous fibroids that distort 
the endometrial canal, the location of the fibroids relative to the 
T2-hyperintense endometrium (arrow) can be readily assessed on 
MRI. Accurately characterizing fibroids as submucosal, intramural, 
or subserosal has implications for management. 


patient is obese. On T2-weighted images, the location 
of a fibroid relative to the endometrium | is well defined 
(Fig. 7-53; also see Figs. 7-45 7). On all pulse 
sequences, leiomyomas are Ghat aeter diy well cir- 
cumscribed, being sharply demarcated from surround- 
ing myometrium. A _ pseudocapsule composed of 
either compressed areolar tissue or smooth-muscle 
cells causes this sharp demarcation. Leiomyomas are 
typically hypointense or isointense compared with 
myometrium on Tl-weighted images, although they 
may be hyperintense if they have undergone hemor- 
rhagic or fatty degeneration (Figs. 7-54 and 7-55). On 
T2-weighted images, fibroids are classically hypoin- 
tense compared with the myometrium, unless they 
have undergone certain types of degeneration. Areas 
of hyaline degeneration have low-signal intensity 
on T2-weighted images, whereas areas of cystic degen- 
eration have high-signal intensity; both types of degen- 
eration show no _ enhancement following contrast 
administration (Fig. 7-56). 

Adnexal masses that may be hypointense on T1- and 
T2-weighted images, and therefore difficult to differen- 
tiate from a pedunculated leiomyoma include fibroma, 
Hhrotheaoma, cystadenofibroma, and struma ovarii 
(Fig 57). Uterine masses that are predominantly 
hy erintene on T2-weighted images may represent 
degenerated leiomyomas; however, they may be impos- 
sible to distinguish from malignant tumors. 

HSG has been used to determine the location of a 
leiomyoma before myomectomy; however, ultrasound 
and MRI provide better delineation of fibroids and 
have largely replaced HSG for this purpose. MRI and 
ultrasound have the additional benefit of not using 
ionizing radiation. On HSG, a submucosal fibroid 
appears as a well-defined, smooth filling does with 
obtuse margins in the endometrial cavity (Fig. 7-58). 
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Hemorrhagic and cystic degeneration of a uterine 
fibroid. A, A fibroid in the anterior aspect of the uterus has a large 
irregular area of hyperintense signal (arrow) on a precontrast 
Tl1-weighted image with fat suppression. B, This irregular area is 
hypointense on a T2-weighted image (arrow), consistent with hemor- 
rhage. The posterior portion of this fibroid is T1 hypointense and T2 
hyperintense, consistent with cystic degeneration. No enhancement 
was seen following contrast administration. Heterogeneous appear- 
ance of the posterior aspect of the uterus is related to partial resection 
of a large submucosal fibroid. 


Intramural leiomyomas are suggested when the lumen 
of the uterus is normal but distorted because of mass 
effect and displacement. 

In the evaluation of fibroids, the role of CT is second- 
ary to that of sonography and MRI. An enlarged uterus 
frequently is the only sign of uterine fibroids on the 
noncontrast CT scan because these neoplasms usually 
are isodense relative to the myometrium in the absence 


Lipoleiomyoma on magnetic resonance imaging. 
A, On a coronal T1-weighted image, a large uterine mass is hyperin- 
tense relative to myometrium and similar in signal intensity to fat. 
B, This mass is markedly hypointense on a T2-weighted image with 
fat suppression, confirming the diagnosis of fatty degeneration of a 
uterine fibroid (lipoleiomyoma). 


of cystic or hemorrhagic degeneration. The enlarged 
uterus containing one or more subserosal leiomyomas 
may have a lobulated contour or, in about 10% of leio- 
myomas, focal calcification may be seen that can be 
popcornlike, speckled, streaked, or whorled (Fig. 7-59). 
After intravenous contrast material administration, 
leiomyomas usually are isodense compared with the 
enhanced myometrium because they enhance to the 
same degree as normal smooth muscle. Irregular and 
nonenhancing central areas of decreased attenuation 
may occur when leiomyomas undergo cystic or hemor- 
rhagic degeneration. A lipoleiomyoma can be easily 
recognized on CT by the presence of visible macro- 
scopic fat within a fibroid (Fig. 7-60). 

It may not be possible to distinguish benign degen- 
eration of a leiomyoma from sarcomatous transforma- 
tion in the absence of lymphadenopathy or evidence of 
pelvic viscera or muscle invasion. Rapid enlargement of 
a leiomyoma in a postmenopausal patient has been sug- 
gested as an evidence of malignant degeneration to 
leiomyosarcoma, but studies have shown that this is not 
a reliable indicator. 


The Female Genital Tract 277 


Submucosal mass demonstrated on hysterosalpingo- 
gram. A smooth filling defect with an acute-angle margin distorts the 
endometrial cavity. A submucosal leiomyoma or endometrial polyp 
might have this appearance. 


Cystic and hyaline degeneration of a leiomyoma. 
A, A large fibroid is predominantly hypointense and slightly hetero- 
geneous with a small hyperintense focus (arrow) on a T2-weighted 
image with fat suppression. B, Following contrast administration, no 
enhancement (arrow) is seen in the location of the T2-hyperintense 
focus, consistent with cystic degeneration. A larger nonenhancing 
area (asterisk) that was hypointense on the T2-weighted image rep- 
resents an area of hyaline degeneration. 


Ovarian fibroma. A mass with markedly hypointense 
signal (arrow) on T2-weighted imaging is present in the left adnexa 
adjacent to the uterus. It was unclear based on imaging whether this 
mass was a pedunculated fibroid arising from the uterus or a solid 
ovarian mass. An ovarian fibroma was diagnosed at surgery. 


Calcified uterine fibroid. A mass with peripheral cal- 
cification is seen in the uterus on this unenhanced computed tomog- 
raphy image, consistent with calcification in a degenerated fibroid. 


m= OVARIAN CYST 
Functional and Physiologic Cysts 


The follicular cyst, corpus luteum cyst, and theca lutein 
cyst are collectively termed as functional cysts because 
they originate from an alteration in the development or 
regression of the ovarian follicle or its derivatives. A 
follicular cyst, the most common type of functional 
ovarian cyst, occurs when a maturing follicle fails to 
regress after oocyte demise. The natural history of 
these cysts is to regress during a subsequent menstrual 
cycle. 

In 2009, the Society of Radiologists in Ultrasound 
convened a multispecialty consensus conference on the 
management of asymptomatic ovarian cysts and other 
adnexal cysts imaged at ultrasound. Familiarity with 
the recommendations of this panel of specialists will 
provide the foundation for understanding the manage- 
ment of these frequently encountered lesions. 

A simple cyst is defined as a round or oval anechoic 
cyst with a thin smooth wall, posterior acoustic en- 
hancement, no internal vascular flow, and no septations 
or solid component. In an asymptomatic woman of 
reproductive age, a simple cyst measuring less than 
5 cm is almost certainly benign and requires no imaging 
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Computed tomography (CT) appearance of lipoleio- 
myoma. Axial (A) and sagittal (B) CT images show a large mass 
arising from the uterine fundus that contains macroscopic fat inter- 
mixed with areas of soft-tissue density. 


follow-up. A simple cyst measuring between 5 and 7 cm 
can be followed with annual ultrasound. If a simple cyst 
measures more than 7 cm, MRI or surgical evaluation 
should be considered. Occasionally, spontaneous hem- 
orrhage into an ovarian cyst may present with acute 
pelvic or abdominal pain. The more typical hemor- 
rhagic cyst is the corpus luteum cyst, which develops 
if the corpus luteum fails to regress within 14 days after 
ovulation. The classic appearance of a hemorrhagic cyst 
on ultrasound is a cyst with a reticular pattern of inter- 
nal echoes and no internal vascular flow (Fi 

There may be avascular soft tissue along the wall of the 
cyst representing retracting clot. Follicular and corpus 
luteum cysts are often incidental findings because they 
are asymptomatic unless complicated by hemorrhage 
or ovarian torsion. Theca lutein cysts, unlike the other 
functional cysts, are usually bilateral because they 
develop when human chorionic gonadotropin (hCG) 
levels are abnormally elevated (Box 7-9). Up to 50% 


Hemorrhagic ovarian cyst. Color Doppler ultrasound 
image shows a complex ovarian cyst with a reticular pattern of inter- 
nal echoes, posterior acoustic enhancement, and no internal vascular 
flow. The solid component has a concave margin (arrow) secondary 
to retracting clot. 


Theca lutein cysts secondary to ovarian hyperstimu- 
lation. The ovary is enlarged and contains multiple cysts in a patient 
receiving medical therapy for infertility. 


BOX 7-9 Causes of Theca Lutein Cysts 


Elevated beta human chorionic gonadotropin levels 
Fertility drugs 

Gestational trophoblastic disease 

Multiple gestations 

Hydrops fetalis 


of cases occur with gestational trophoblastic disease 
(GTD). Theca lutein cysts may also develop during the 
administration of rly drugs as a result of ovarian 
hyperstimulation (Fig. 7-62). 

On CT evaluation, functional or physiologic ovarian 
cysts typically are well circumscribed and of uniform 
low attenuation. Depending on the clinical presentation 
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FIGURE 7-63 Hemorrhagic cyst on computed tomography (CT). A 
left ovarian cyst (arrow) is seen in this patient who presented with 
lower abdominal pain. The internal architecture of this cyst could 
not be further assessed on CT. Ultrasound evaluation showed a hem- 
orrhagic cyst (see Fig. 7-61). 


BOX 7-10 Polycystic Ovarian Syndrome 


Oligomenorrhea or amenorrhea, infertility, hirsutism, obesity 

Elevated luteinizing hormone-to-follicle-stimulating hormone 
ratio and elevated androgen levels 

At least 12 follicles 2 to 9 mm in diameter 

Enlarged ovary (volume > 10 cm*) 

Caveats: ovaries normal morphologically in one third of 
patients with symptoms of PCOS; only 5% to 10% of 
patients with polycystic ovarian morphology have symp- 
toms of PCOS 

Sonographic findings alone are insufficient to make the diag- 
nosis of PCOS 


PCOS, Polycystic ovarian syndrome. 


of the patient, a follow-up ultrasound may be warranted 
to better assess the internal architecture of an adnexal 
cyst and ensure it is a simple cyst (Figs. 7-20 and 7-63). 
If a functional cyst is suspected on CT, a follow-up 
ultrasound in 6 to 10 weeks may be helpful to assess 
for resolution. 

On MRI, a simple functional cyst is hypointense on 
T1-weighted images and hyperintense on T2-weighted 
images. A hemorrhagic ovarian cyst will have high- 
signal intensity on fat-suppressed T1-weighted images 
and low-signal intensity than that of simple fluid on 
T2-weighted images. The signal intensity on T2-weighted 
images will not be as low as that of an endometrioma, 
however. 


Polycystic Ovarian Syndrome 


Polycystic ovarian syndrome (PCOS) epitomizes 
chronic anovulation in the setting of acyclic production 
of estrogen (Box 7-10). This syndrome is clinically 
characterized by amenorrhea or oligomenorrhea, infer- 


tility, hirsutism, and obesity. Although the etiology 
is not entirely understood, insulin resistance is 
thought to play a key role in this disorder. Endocrino- 
logic investigation reveals an elevated LH-to-FSH ratio 
and increased androgen levels. Abnormalities of the 
hypothalamic-pituitary-gonadal axis, such as acceler- 
ated GnRH pulse frequency, result in relatively elevated 
levels of LH and decreased levels of FSH. Increased 
plasma level of LH leads to stimulation of ovarian theca 
cells in the ovarian stroma resulting in increased andro- 
gen production, and decreased FSH levels are respon- 
sible for chronic anovulation. 

Although the original pathologic description of the 
ovaries by Stein and Leventhal was that of enlarged and 
multicystic ovaries, a variety of pathologic findings 
have subsequently been described, none of which is 
pathognomonic. The diagnosis of PCOS is based on the 
presence of clinical and endocrinologic abnormalities 
in combination with characteristic sonographic find- 
ings. Sonographic findings alone are insufficient to 
make the diagnosis. In the classic description, the 
ovaries are enlarged and sclerotic with a thickened 
capsule. Multiple subcapsular follicular cysts are identi- 
fied, and the ovarian stroma is hyperplastic. Con- 
versely, multicystic ovaries may be seen in patients 
with anorexia nervosa and other forms of hypothalamic 
amenorrhea, congenital adrenal hyperplasia, virilizing 
neoplasms of the ovary or adrenal gland, and hypothy- 
roidism. They are also seen in premenarchal girls. 

TVS and MRI have been used to distinguish the poly- 
cystic ovary from the healthy one. On ultrasound, the 
classic polycystic ovary is enlarged and echogenic and 
contains an increased number of smaller-than-normal 
follicles crowded at its surface. On MRI, the character- 
istic appearance is that of numerous small hyperintense 
peripheral follicles with hypointense central ovarian 
stroma on T2-weighted images. According to the Rot- 
terdam European Society of Human Reproduction and 
Embryology/American Society for Reproductive Medi- 
cine consensus definition, the polycystic ovary con- 
tains at least 12 follicles that are 2 to 9 mm in diameter, 
or the volume of the ovary exceeds 10 em’ (Fig. 7-64). 
However, with respect to ovarian volume and follicular 
number, there is considerable overlap with healthy 
individuals. In almost one third of patients with clinical 
and endocrinologic evidence of PCOS, the ovaries are 
morphologically normal, and only 5% to 10% of women 
with polycystic ovarian morphology on ultrasound have 
classic symptoms of PCOS. Therefore the presence of 
polycystic ovaries on ultrasound in the absence of ovu- 
latory dysfunction or hyperandrogenism does not con- 
stitute a diagnosis of PCOS. 


Ovarian Cysts in Postmenopausal Women 


As previously mentioned, the recommendations of the 
Society of Radiologists in Ultrasound consensus con- 
ference on the management of asymptomatic ovarian 
cysts and other adnexal cysts imaged at ultrasound 
provide guidance for the management of these lesions 
that are commonly encountered on imaging. 
According to the consensus statement, a simple 
ovarian or adnexal cyst that is less than 1 cm in 
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FIGURE 7-64 Polycystic ovarian morphology on ultrasound. The 
right ovary is enlarged (estimated volume was 28 cm°) and contains 
more than 12 peripheral follicles measuring 2 to 9 mm in diameter. 
This finding should be correlated with clinical and endocrinologic 
evidence of polycystic ovarian syndrome. 


diameter in a postmenopausal woman requires no addi- 
tional follow-up, whereas a simple cyst between 1 and 
7 cm is almost certainly benign and can be followed 
with annual surveillance sonography. Simple cysts 
larger than 7 cm may be difficult to assess completely 
with ultrasound and should undergo further evaluation 
with MRI if there are no contraindications, or surgical 
evaluation. It should be noted that many cysts that 
appear unilocular on transabdominal ultrasound evalu- 
ation may have fine internal echoes or thin septations 
on TVS, and therefore TVS should be performed if 
possible. 

In one large study by Castillo and colleagues, simple 
adnexal cysts were discovered in 2.5% of postmeno- 
pausal women who underwent transvaginal ultrasound 
as part of routine gynecologic checkup. Of all cysts that 
were subsequently removed, 2% were found to be malig- 
nant (0.6% of all cysts included in the study). Although 
no clear relationship has been established between 
the presence of cysts and treatment with hormone- 
replacement therapy, some authorities have noted that 
up to 40% of women who take sequential estrogen and 
progesterone have ovarian cysts. Ovarian cystic disease 
can be dynamic with many of these cysts appearing de 
novo, or either resolving or changing in size on follow-up 
examinations. In addition to the presenting size and 
growth of an adnexal cyst, other factors such as CA-125 
levels can be used to assess the malignant potential of 
a cystic mass. Surgical consultation for consideration 
of resection is recommended for patients with complex 
cysts with multiple septations and mural or septal 
nodules. 


= INFERTILITY 


Infertility is defined as the inability to conceive after 12 
months of unprotected sexual intercourse. Infertility is 
termed primary when there have been no successful 
previous pregnancies and secondary when a previous 


BOX 7-11 Infertility 


Female factors (approximately 55%) 
Cervical 
Endometrial 
Tubal 
Peritoneal 
Ovulatory 
Male factors (approximately 35%) 
Endocrine 
Spermatogenesis 
Idiopathic (approximately 5% to 10%) 


conception has occurred. This distinction is of little 
clinical importance because, with the exception of 
tubal occlusion, endometriosis, and oligozoospermia/ 
azoospermia, similar etiologies are responsible for 
infertility, whether primary or secondary. Most causes 
of infertility can be divided into those attributed to each 
partner; however, in 5% to 10% of cases no explanation 
can be found after extensive investigations (Box 7-11). 
Approximately 55% of infertility is related to female 
factors, which can be subclassified into cervical, endo- 
metrial, peritoneal, and ovulatory factors. Abnormali- 
ties of male endocrine function or spermatogenesis 
account for 35% of infertility. Infertility may result from 
either one major deficiency, such as tubal occlusion, or 
from a combination of minor deficiencies, as is the case 
in 40% of patients. 


Cervical Factors 


Immediately before ovulation, the cervix produces 
watery mucus that promotes and maintains the viabil- 
ity of sperm. Simple physical evaluation of this fluid 
during the immediate preovulatory phase assesses the 
amount and clarity of this mucus. The cervical mucus, 
as well as the number and motility of spermatozoa that 
have entered the cervical canal, can be evaluated 2 to 
12 hours after intercourse in the postcoital (Sims- 
Huhner) test; however, the utility of this test has been 
questioned and it is no longer routinely performed at 
many institutions. 


Endometrial Factors 


Abnormalities of the endometrium are seldom the 
cause of primary or secondary infertility. More often, 
congenital miillerian anomalies, submucosal leiomyo- 
mas, or endometrial polyps are the cause of recurrent 
first-trimester miscarriage. Anatomic abnormalities, 
such as congenital anomalies, synechiae, or leiomyo- 
mas, may interfere with the normal function of the 
uterus by impeding zygote implantation and develop- 
ment. The radiologic evaluation of the uterus for 
these abnormalities includes HSG, ultrasonography, 
and MRI. 

Congenital anomalies of uterine formation are 
common causes of recurrent miscarriage, but they 
rarely cause primary infertility. Septate uteri have 
the highest prevalence of miscarriage, followed by 
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FIGURE 7-65 Intrauterine adhesions or synechiae. On a hystero- 
salpingogram, polypoid filling defects with jagged margins project into 
the endometrial cavity. The wall of the endometrium is slightly irregu- 
lar (arrow). At hysteroscopy, adhesions were resected. 


unicornuate and bicornuate uteri. Arcuate uteri and 
uterus didelphys do not have a significantly higher risk 
of miscarriage, especially compared with the other con- 
genital anomalies. 

Leiomyomas likely interfere with normal reproduc- 
tive function of the uterus because of mechanical 
factors. Large leiomyomas may obstruct the cervical 
canal or the intramural segment of the fallopian tubes. 
Distortion of the endometrial cavity may impair sperm 
transport. Implantation may be impeded by a submu- 
cosal fibroid, but more often the abnormal vascular 
supply of an adjacent fibroid will not permit develop- 
ment of sufficient vascular support for a pregnancy to 
proceed normally. 

Intrauterine adhesions or synechiae can obstruct the 
endometrial cavity and prevent sperm transit or zygote 
implantation. Asherman syndrome refers to persistent 
amenorrhea and secondary sterility, which is caused by 
intrauterine adhesions or synechiae. Synechiae most 
often are the sequela of therapeutic dilatation and 
curettage (D&C), but they may also follow severe endo- 
metritis. Although occasionally diagnosed by TVS, the 
presence and extent of intrauterine adhesions are 
best evaluated with HSG or hysteroscopy. On HSG, 
thick or thin linear, irregular filling defects may reduce 
the effective size of the endometrial cavity (Fig. 7-65). 
Extensive synechiae may prevent uterine filling with 
contrast material. Intrauterine synechiae appear as 
tissue bridges within the endometrial cavity on TVS, or 
as serpentine, echogenic endometrial irregularities sur- 
rounding small cystic areas. 


Tubal Factors 


Tubal stenosis or occlusion most often occurs at the 
fimbria, but midsegment and isthmic narrowings are 
also observed. PID and endometriosis are the most 
common predisposing conditions for occlusive tubal 
disease; however, in 50% of patients, no clear predispos- 
ing factor can be identified. Midsegment occlusion 
almost always is secondary to tubal sterilization surgery; 
less common causes include salpingitis isthmica nodosa 


FIGURE 7-66 Salpingitis isthmica nodosa (SIN) on hysterosalpingo- 
gram. Typical findings of SIN are seen on this left posterior oblique 
film. Small, clustered collections of contrast material (arrows) extend 
from the tubular lumen into the wall of both fallopian tubes. Obstruc- 
tion of the fallopian tube often accompanies this disease. 


(SIN) or tuberculous salpingitis. With SIN, numerous 
small diverticula extend from the lumen of the fallopian 
tube into the wall of the isthmic segment (Fig. 7-66). 
Frequently, patients have a history of PID, and both 
fallopian tubes are affected in 80% of patients. Isthmic 
diverticulosis can be seen in some patients with tuber- 
culosis, and in these patients there is ampullary 
contraction and adnexal calcification. Isthmic-cornual 
stenosis can be congenital or related to fibroids, previ- 
ous infection, or endometriosis. Tubal obstruction is 
most commonly diagnosed when free intraperitoneal 
spillage of contrast material cannot be demonstrated 
with HSG. Spasm from pelvic pain may be the cause of 
a false-positive result of HSG. 

Between 60% and 80% of patients with tubal obstruc- 
tion are treated successfully with microsurgical tubo- 
plasty, a more effective alternative to conventional 
surgical techniques. Fallopian tube catheterization with 
recanalization is used to treat obstruction of the inter- 
stitial segment of the tube. This procedure entails selec- 
tive catheterization of the ostium of the fallopian tube 
with an angiographic catheter. Passage of the guidewire 
through the tube separates intraluminal adhesions, and 
contrast instillation clears the tube of debris. This pro- 
cedure restores functional or anatomic tubal patency 
in up to 90% of patients, and there is a subsequent 
pregnancy rate of up to 50%. 


Peritoneal Factors 


Pelvic adhesions or endometriosis can impair fertility 
by interfering with the normal transport function of the 
fallopian tubes. Peritubal adhesions may obstruct the 
fallopian tube, cause tubal dysmotility, or impede 
the entry of the oocyte into the tube. Diagnostic lapa- 
roscopy remains the gold standard for the diagnosis of 
endometriosis because it identifies a previously unsus- 
pected pelvic abnormality in 30% to 50% of women with 
unexplained infertility. MRI may help to guide the surgi- 
cal approach, especially for deep infiltrating endome- 
triosis, and may help to differentiate endometriosis 
from other causes of pelvic pain and infertility. MRI is 


282 Genitourinary Radiology: The Requisites 


also of value when pelvic laparoscopy is limited by 
dense adhesions from either previous surgery or exten- 
sive endometriosis. 


Ovulatory Factors 


The simplest screening tests for the initial evaluation 
of ovulation are the basal body temperature and the 
midluteal phase serum progesterone level. The thermo- 
genic effects of progesterone cause a ().4 °F elevation of 
the body temperature at ovulation. The midluteal con- 
centration of progesterone is usually above 10 ng/mL 
during cycles in which conception is possible. Ultraso- 
nography can be used in the initial evaluation of the 
patient with infertility for the detection of ovulation or 
luteal phase defect, but more often it is used to monitor 
women in whom ovulation is being induced or whose 
oocytes are being collected for in vitro fertilization. For 
example, one of the serious complications of ovulation 
induction is related to excessive stimulation of the 
ovaries. Ovarian hyperstimulation syndrome, or exuda- 
tion of large amounts of fluid into the peritoneal and 
pleural spaces with intravascular volume depletion 
and hemoconcentration, may accompany stimulated 
ovarian enlargement (Figs. 7-62 and 7-67). The prema- 
ture development of several large follicles or more 
than 10 follicles of intermediate size, together with an 
increase in the estradiol concentration, indicates that 
gonadotropins should be withheld to avert ovarian 
overstimulation. 


Male Factors 


The evaluation of male factors that may contribute to 
infertility begins with an analysis of semen for a reduc- 
tion in the quality and quantity of sperm. When azo- 
ospermia, or absence of spermatozoa in seminal fluid, 
is discovered it is important to confirm the presence of 
the vasa deferentia and exclude testicular atrophy. In 
the absence of vasal agenesis (congenital absence of the 


FIGURE 7-67 
adjacent to the liver in this patient with infertility undergoing ovula- 
tion induction. Both of the patient’s ovaries were enlarged with mul- 
tiple theca lutein cysts (see Fig. 7-62). Exudation of large amounts of 
fluid into the pleural and peritoneal spaces may result in intravascu- 
lar volume depletion and hemoconcentration. 


Ovarian hyperstimulation syndrome. Ascites is seen 


vasa deferentia) and testicular atrophy, measurements 
of serum FSH level and semen volume are essential to 
determine the etiology of azoospermia. Patients with 
azoospermia are subclassified into those with either 
a normal volume (21 mL) or a low volume (<1 mL) of 
ejaculation. Azoospermia with a normal-volume ejacu- 
lation may be a result of obstruction of the reproductive 
system, or an abnormality of spermatogenesis (intrinsic 
testicular failure). Azoospermia with a low-volume 
ejaculation is most often secondary to ejaculatory 
duct obstruction and rarely a result of ejaculatory dys- 
function. Ejaculatory duct obstruction may be associ- 
ated with unilateral renal agenesis and ipsilateral 
seminal vesicle cyst, a triad known as Zinner syndrome 
(Fig. 7-68). 

Transrectal sonography and MRI can be used to 
detect congenital or acquired abnormalities of the pros- 
tate sland and ejaculatory apparatus. Lesions that can 
be detected by transrectal sonography and MRI include 
unilateral or bilateral absence of the vasa deferentia, 
seminal vesicle cysts, seminal vesicle atrophy with or 
without dystrophic calcification, and midline prostatic 
cysts that can obstruct the ejaculatory ducts. Scrotal 
ultrasonography is used occasionally to confirm testicu- 
lar atrophy or varicocele, which may be suggested by 
results of the physical examination. 


m= GYNECOLOGIC ONCOLOGY 
Ovarian Cancer 


Although it is the eighth most common cancer among 
female patients in the United States, ovarian cancer is 
the leading cause of death from gynecologic cancer and 
the fifth overall cause of cancer death in women 
(Centers for Disease Control and Prevention, 2010) 
because it is often locally advanced or disseminated at 
presentation. Many patients are asymptomatic or com- 
plain of nonspecific symptoms such as lower abdominal 
discomfort, fullness, irregular menses, or dyspareunia. 
Rarely, severe abdominal distress may occur if the 
tumor is torsed or ruptures. Patients with ovarian 
cancer in advanced stages may have abdominal pain, 
increased abdominal girth because of ascites, or rarely 
vaginal bleeding. 

Based on tissue type of origin, there are four pre- 
dominant histopathologic types of ovarian tumors: epi- 
thelial, germ cell, sex cord-stromal, and metastatic (Box 
7-12). Epithelial ovarian tumors are derived from the 
epithelial surface of the ovary and comprise 60% of all 
ovarian neoplasms and 85% of all ovarian malignancies. 
These tumors are most prevalent in the sixth and 
seventh decades of life. Of the epithelial ovarian tumors, 
60% are benign, 35% are malignant, and 5% are 


BOX 7-12 Ovarian Malignancy: Histologic Types 
and Frequency 


Epithelial 65% 

Germ cell 25% 

Sex cord-stromal 5% 
Secondary or metastatic 5% 
Gonadoblastoma rare 
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Zinner syndrome. In a patient with azoospermia and 
ejaculatory duct obstruction, a large cyst (arrows in A and B) is seen 
posterior to the bladder on axial (A) and sagittal (B) T2-weighted 
images. This was diagnosed as a large right seminal vesicle cyst at 
surgery. In addition, there is congenital absence of the right kidney 
(C). The triad of unilateral renal agenesis, ipsilateral seminal vesicle 
cyst, and ejaculatory duct obstruction comprises Zinner syndrome. 


Serous cystadenoma. Abdominal computed tomogra- 
phy demonstrates a large cystic mass in an obese patient. There were 
no septations or mural nodules, and the nonenhancing wall of the 
mass is uniformly thin. Most serous epithelial ovarian tumors are 
benign and may present as a large, unilocular cyst. (Case courtesy 
Mark S. Ridlen, M.D.) 


BOX 7-13 Epithelial Ovarian Tumors 


Constitute approximately 60% of all ovarian neoplasms and 
85% of ovarian malignancies 

About 60% of all epithelial tumors are benign 

Serous, mucinous, and endometrioid types are common 

Clear-cell and Brenner types are rare 


BOX 7-14 Serous Epithelial Ovarian Tumors 


Approximately 60% are benign and 15% are borderline: may 
be unilocular, often large 

Signs of malignancy (25% of serous tumors): solid masses, 
nodular walls, papillary fronds, septations > 3 mm, con- 
trast enhancement 


borderline (low malignant potential). The three major 
subtypes of epithelial ovarian neoplasms are serous, 
mucinous, and endometrioid (Box 7-13). Increased 
serum concentrations of CA-125, a high-molecular- 
weight glycoprotein, can be detected in 80% of patients 
with epithelial ovarian neoplasms. Serous tumors are 
the most common type of epithelial ovarian neoplasm 
(Box 7-14; Figs. 7-69 and 7-70). Of these, 60% are 
benign serous cystadenomas, whereas 15% are of low 
malignant potential and 25% are malignant. Borderline 
tumors (tumors with low malignant potential) present 
cytologic features of malignancy, such as mitosis or 
nuclear abnormalities, but do not invade the ovarian 
stroma. These lesions may become malignant, but 
usually do not. Borderline tumors typically have an 
excellent prognosis. 

Mucinous ovarian tumors are slightly less common 
than serous tumors (Box 7-15 and Fig. 7-71). About 80% 
percent of mucinous tumors are benign, 10% to 15% are 
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Bilateral serous cystadenomas. A large cystic right 
ovarian mass with thin septations is identified in a patient with non- 
specific abdominal discomfort. A similar mass was present in the left 
ovary (only partially visualized on this image). Serous cystadenomas 
were diagnosed at surgical resection. 


BOX 7-15 Mucinous Epithelial Ovarian Tum 


Approximately 80% are benign, 10% to 15% are borderline: 
multilocular cystic mass, often large 

Signs of carcinoma (5% to 10% of mucinous ovarian tumors): 
solid or papillary components; contrast enhancement 

Pseudomyxoma peritonei 


borderline/low malignant potential, and 5% to 10% are 
malignant. A rare complication of malignant mucinous 
cystadenocarcinoma occurs after rupture. Gelatinous 
material implants on peritoneal surfaces and causes 
mass effect in a condition known as pseudomyxoma 
peritonei (Fig. 7-72). 

Germ-cell tumors typically occur in younger patients 
(mean age of 30 years) than epithelial ovarian tumors 
and comprise 15% to 20% of all ovarian tumors (Box 
7-16). The most common neoplasm of this cell type is 
the mature cystic teratoma, also referred to as adermoid 
cyst (Box 7-17). Mature teratomas are usually cystic 
and filled with sebaceous material, but they may also 
be mixed solid and cystic, or noncystic with predomi- 
nant fat component. Mature teratomas may contain 
well-differentiated tissue from skin or dermal append- 
ages, such as hair and teeth (Fig. 7-73). When these 
elements are present, they usually arise from or are 
contained within the Rokitansky nodule, which is a 
mural nodule that projects into the lumen of a mature 
cystic teratoma (Fig. 7-74). Metaplastic sebaceous 
glands can produce fat or oil. Approximately 10% of 
mature teratomas are bilateral. Malignant transforma- 
tion of a mature teratoma is rare, occurring in less than 
1% of cases. Dedifferentiation to squamous cell carci- 
noma is most often reported. 

Immature tissue elements are found in the rare 
malignant immature teratoma, which accounts for 1% 
of all teratomas. These tumors are most common in the 
first and second decades of life. Foci of fat in immature 
teratomas tend to be small and calcifications are 


Mucinous cystadenocarcinoma of the ovary. A and B, 
Contrast-enhanced computed tomography images show a large right 
ovarian mass with enhancing soft tissue along its posterior wall (A) 
and thick, irregular septations (B). The patient also has extensive 
peritoneal implants and omental caking (arrow in A). 


Pseudomyxoma peritonei. Rupture of a mucinous 
neoplasm has resulted in extensive gelatinous material and mucinous 
implants throughout the abdomen with scalloping of the liver surface 
and encasement of the stomach. 
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BOX 7-16 Ovarian Germ-Cell Tumors 


Constitute 15% to 20% of all ovarian tumors 
Mature cystic teratoma (dermoid cyst) is most common 
Malignant germ-cell tumors comprise <5% of malignant 
ovarian neoplasms 
e Dysgerminoma 
Immature teratoma 
Yolk sac tumor (endodermal sinus tumor) 
Embryonal carcinoma 
Choriocarcinoma 
Polyembryoma 
Mixed 
Rare functional tissue 
e Struma ovarii: hyperthyroidism (struma ovarii is most 
commonly part of a teratoma but may occur with serous 
or mucinous cystadenomas) 
e Choriocarcinoma: B-hCG 
e Endodermal sinus tumor: alpha-fetoprotein 
e Embryonal cell carcinoma: B-hCG and alpha-fetoprotein 


hCG, Beta human chorionic gonadotropin. 


BOX 7-17 Ovarian Mature Cystic Teratoma 
(Dermoid Cyst) 


Originates from primordial germ cells 

Approximately 10% are bilateral 

Rokitansky nodule: contains well-differentiated tissues, in- 
cluding hair and teeth 

Malignant transformation in <1%; squamous cell carcinoma 
most common 

Sebaceous plug or dental parts 


typically scattered rather than contained within a mural 
nodule. Rapid growth may lead to rupture and perito- 
neal dissemination. 

The most common malignant germ-cell tumor is the 
dysgerminoma, an ovarian counterpart of testicular 
seminoma. A majority of these tumors occur in patients 
between 10 and 30 years of age. These tumors are 
usually confined to the ovaries at the time of diagnosis; 
however, lymphatic spread to the retroperitoneal and 
pelvic lymph nodes, or hematogenous spread to sites 
including the lungs, liver, and bones may occur. Fortu- 
nately, these tumors are highly radiosensitive. 

The endodermal sinus tumors, or yolk sac tumors, 
are rare malignant germ-cell tumors that produce 
alpha-fetoprotein. They grow rapidly and are associated 
with a poor prognosis. Ovarian choriocarcinomas are 
extremely rare and produce B-hCG. Embryonal cell 
carcinomas may produce both alpha-fetoprotein and 
B-hCG. 

Eight percent of ovarian neoplasms are derived from 
the sex cords and specialized stroma of the developing 
gonad (Box 7-18). Tumors in this category affect women 
of all ages and include granulosa cell tumors, fibromas, 
fibrothecomas, thecomas, sclerosing stromal tumors, 
Sertoli-Leydig cell tumors, and steroid cell tumors. 
Ovarian fibromas are nonfunctioning tumors that can 
be complicated by Meigs syndrome, which is the occur- 
rence of ascites and a right pleural effusion with this 
benign tumor. Fibromas have also been associated with 


BOX 7-18 Ovarian Sex Cord-Stromal Tumors 


Approximately 8% of ovarian neoplasms 

Fibromas associated with Meigs syndrome (fibroma, ascites, 
right pleural effusion) 

Granulosa cell tumors (estrogen production): endometrial 
hyperplasia, polyps, and carcinoma 

Sertoli-Leydig cell tumor (testosterone 
virilization 


production): 


Mature cystic teratoma (dermoid cyst) with dental 
elements. A, Radiograph of the pelvis shows a calcification projecting 
over the lower sacrum. B, Computed tomography shows a tooth 
within a fat-containing mass. 


the basal cell nevus syndrome. Because of their high 
fibrous and collagenous content, these tumors have a 
characteristic appearance on MRI. They are hypoin- 
tense on Tl-weighted images, markedly hypointense 
on T2-weighted images, and may contain calcifications 
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Mature cystic teratoma (dermoid cyst). A, Plain film 
of the pelvis shows a radiolucent mass (arrows) in the midpelvis. 
B, A large, predominantly fatty mass is demonstrated on computed 
tomography. Nodules or plugs originate from the wall of the mass, 
and there is a small focus of calcification in the dermoid plug on the 
anterior tumor wall (arrow). These findings are typical of an ovarian 
dermoid cyst containing sebaceous material. 


(Fig. 7-75). Tumors that originate from specialized 
ovarian stroma retain the potential to secrete estrogen. 
Consequently, functional granulosa cell tumors may be 
associated with endometrial polyps, endometrial hyper- 
plasia, and endometrial carcinoma. Sertoli-Leydig cell 
tumors are less common and may cause virilization 
as a result of the production of testosterone or 
testosterone-like hormones. 

Ten percent of ovarian tumors are metastases from 
primary cancers of the gastrointestinal tract, breast, 
lymphatic system, or pelvic viscera (Box 7-19). The 
Krukenberg tumor is a specific histologic type of meta- 
static ovarian adenocarcinoma usually originating in 
the gastrointestinal tract and featuring mucin-filled 
signet ring cells (Fig. 7-76). Peritoneal dissemination 
to the ovary is classically seen with cancers of the 
stomach or colon, but can be seen with a variety of 
other tumors including breast cancer, lung cancer, and 
contralateral ovarian cancer. Krukenberg tumors tend 
to be large (often >8 cm in diameter), particularly if 
predominantly cystic, and bilateral ovarian masses. 


Ovarian fibroma. A, Calcifications are seen within a 
solid, enhancing left adnexal mass (arrow) on computed tomography. 
B, The mass (arrow) is markedly hypointense on a T2-weighted 
magnetic resonance image. 


BOX 7-19 Metastases to the Ovary 


Krukenberg tumors (signet ring cells) 
Mucinous adenocarcinoma from the stomach or the colon 
Breast carcinoma 
Lymphoma 
Primary tumors of the pelvic viscera (endometrial carcinoma, 
cervical carcinoma, contralateral ovarian carcinoma) 


Peritoneal carcinomatosis and lymphadenopathy may 
also be seen. 

Ovarian cancer may spread through peritoneal 
seeding and implantation, lymphatic invasion, or 
hematogenous dissemination. Exfoliation of ovarian 
tumor cells into the peritoneal cavity is most common, 
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resulting in the development of ascites, peritoneal 
nodules, and serosal implants. Lymphatic spread is less 
common, although ovarian cancer may involve the 
pelvic, para-aortic, and pericaval lymphatics. In con- 
trast to other gynecologic malignancies, the lymphatic 
dissemination of ovarian cancer generally involves the 
renal hilar lymph nodes initially rather than the pelvic 
lymph nodes because the ovarian lymphatic drainage 
parallels the gonadal veins. Hematogenous spread 
occurs relatively late and metastasis to the liver is most 
common. It is important to differentiate parenchymal 
liver metastases from surface implants because this 
affects staging and treatment options. Capsular implants 
indicate stage III disease, whereas parenchymal metas- 
tases represent stage IV disease. Frank invasion of 


Krukenberg tumor. A large solid and cystic mass is 
seen in the right adnexa in a patient with a primary mucinous colonic 
malignancy. The gonadal vessels (arrow) are seen extending to the 
margin of this mass, confirming its ovarian location. Widespread 
peritoneal disease was also present (not shown). 


viscera or bowel is atypical, but encasement and com- 
pression are observed more frequently (Fig. 7-77). 
Staging of ovarian cancer is important because it 
determines the treatment options offered to the patient 
(Box 7-20). Patients with early stage disease or no 
gross evidence of extraovarian disease are treated 


BOX 7-20 Staging of Ovarian Carcinoma 


STAGE I 


Growth limited to ovaries 

IA—One ovary. Capsule intact. No tumor on the surface. 
Peritoneal washings or ascites negative for malignancy. 

IB—Both ovaries. Capsules intact. No tumor on the surface. 
Peritoneal washings or ascites negative for malignancy. 

IG—One or both ovaries with (1) cancer on the outer 
surface of at least one ovary, (2) capsular rupture of a 
cystic tumor, or (3) malignant ascites or peritoneal 
washings positive for malignancy. 


STAGE II 


Pelvic extension 
HA—Spread to uterus and/or fallopian tubes. 
11B—Spread to other organs including the urinary bladder, 
sigmoid colon, or rectum. 
IIC—Spread to pelvic organs in addition to tumor on the 
surface of one or both ovaries, capsular rupture, malig- 
nant ascites, or positive peritoneal washings. 


STAGE III 


Extrapelvic intraperitoneal or omental metastases, or positive 
regional lymph nodes. Liver surface implants are stage III. 
Tumor limited to true pelvis, with extension to the small 
bowel or omentum. 


STAGE IV 


Distant metastases, including malignant pleural effusions. 
Parenchymal liver metastases are stage IV. 


Colonie obstruction caused by serosal implants from metastatic mucinous cystadenocarcinoma. 
A, Complete mechanical obstruction at the level of the mid-descending colon is demonstrated with barium enema. 
Note the lower abdominal mass. B, Computed tomography scan demonstrates a large abdominal mass with solid and 
cystic components, mural nodularity (open arrows), and thick septations (arrow). At surgery, multiple serosal 
implants were removed. 
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with bilateral salpingo-oophorectomy (BSO), abdomi- 
nal hysterectomy, infracolic omentectomy, and staging 
biopsies of the pelvic peritoneum, omentum, bowel 
serosa, and retroperitoneal lymph nodes. In patients 
with advanced stages of disease, in addition to BSO, 
total abdominal hysterectomy, and omentectomy, deb- 
ulking surgery is performed to reduce as much of the 
tumor burden as possible. After primary cytoreductive 
surgery, combination chemotherapy, frequently con- 
sisting of cisplatinum and cyclophosphamide, is also 
administered. After systemic chemotherapy, second- 
look laparotomy may be performed to evaluate for 
residual disease, but the efficacy of this procedure is 
controversial. 


Evaluation of an Adnexal Mass 


For the patient with a suspected pelvic mass, the 
objectives of the imaging evaluation are the following 
(Box 7-21): 

1. To determine whether an adnexal mass is present. 

2. If a mass is present, to determine the organ of origin. 

3. To characterize the mass as completely cystic, cystic 
with complex features (including septations and 
mural thickening or nodularity), or solid. 

4. To determine whether there is concurrent disease 
that would suggest an ovarian malignancy, such 
as abdominal or pelvic ascites, hydronephrosis, peri- 
toneal implants, lymphadenopathy, or metastatic 
disease (especially liver metastases). 

For the objectives of detection and characterization 
of an adnexal mass, ultrasonography is typically the 
first-line imaging modality. MRI is often used for problem 
solving when a mass remains indeterminate after sono- 
graphic evaluation. CT or MRI may be useful when a 
mass is so large as to defy characterization by sonogra- 
phy or when the sonographic evaluation is limited by 
patient factors such as obesity. MRI and CT can also 
play a role in the staging of ovarian neoplasms, espe- 
cially in the evaluation of peritoneal disease, adenopa- 
thy, and metastatic disease. 

In general, sonographic evaluation is well suited to 
characterize an adnexal mass as a simple cyst, complex 
cyst, or a solid mass. A simple cyst is anechoic with a 
thin smooth wall, posterior acoustic enhancement, no 
internal blood flow, and no solid components or septa- 
tions. A simple ovarian or other adnexal cyst is highly 
likely to be benign, regardless of age. Further imaging 
(preferably MRI if no contraindications) or surgical 
evaluation should be considered for cysts larger than 


BOX 7-21 Goals of Radiologic Evaluation of a 
Suspected Pelvic Mass 


Is there an adnexal mass? 
What is its size and volume? 
What is the organ of origin? 

Is the mass a simple cyst, complex cyst (septations, mural 
thickening, mural nodularity), or predominantly solid? 
Are there associated findings, such as ascites, hydronephro- 
sis, peritoneal implants, lymphadenopathy, or metastatic 
disease, that are suggestive or indicative of malignancy? 


7 cm in size. The most common etiologies for a com- 
pletely cystic adnexal mass are functional ovarian cyst; 
serous cystadenoma; and paraovarian, paratubal, or 
broad-ligament cysts (Box 7-22). Of the functional 
ovarian cysts, follicular cyst is most often unilocular 
and entirely cystic. Corpus luteum cysts are often com- 
plicated by hemorrhage or dependent debris and typi- 
cally have a thick wall with peripheral vascularity. 
Serous cystadenoma is frequently a unilocular, cystic 
mass, but it may be multilocular with thin (<3 mm) 
regular septations or may have a partially calcified rim 
(see Figs. 7-69 and 7-70). Papillary projections alone 
are rare (Fig. 7-78). Mature cystic teratomas (dermoid 
cysts) are either unilocular or septated cystic masses, 
but they can be distinguished from other cystic masses 


Papillary projections in an ovarian mass. A, Diffuse 
low-level internal echoes and a papillary projection are seen within 
a cystic right ovarian mass on transvaginal ultrasound. B, Color 
Doppler image shows flow within a papillary projection. Mixed muci- 
nous and serous cystadenoma was diagnosed at surgical resection. 


BOX 7-22 Etiologies of the Completely Cystic 
Adnexal Mass 


Functional cyst (follicular or corpus luteum cyst) 
Paraovarian, paratubal, or broad-ligament cyst 
Serous cystadenoma 
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BOX 7-23  Etiologies of the Complex Cyst 


Hemorrhagic cyst 
Endometrioma 

Mature cystic teratoma 
Serous cystadenoma 
Mucinous cystadenoma 


*Features of a complex cyst: bilocular or multilocular, septations and wall 
thickness <3 mm, and uniform internal echoes. 


FIGURE 7-79 Sonographic features suggesting a borderline or 
malignant ovarian tumor. Transvaginal ultrasound image shows a 
cystic ovarian mass with irregular mural thickening (long arrow) and 
a papillary projection (short arrow). Diffuse low-level internal echoes 
suggest a mucinous neoplasm. 


when specific mature tissues are recognized, such as fat 
or sebum and dental parts. 

Complex cystic masses include hemorrhagic ovarian 
cysts, endometriomas, mature cystic teratomas, and 
serous or mucinous cystadenomas (Box 7-23). Findings 
that can be seen in a complex cyst include a reticular 
pattern of internal echoes (typical of a hemorrhagic 
cyst), avascular solid component, low-level internal 
echoes, hyperechoic component, focal mural calcifica- 
tion, and single or multiple thin (<3 mm) septations. 

Unlike its benign counterpart, serous cystadenocar- 
cinoma more often is a multilocular mass with multiple 
papillary projections and septations. Papillary excres- 
cences and echogenic material are often components of 
mucinous cystadenocarcinoma. Criteria that suggest a 
borderline or malignant tumor include size greater than 
10 em, irregular solid component or mural thickening, 
mural nodule with blood flow, thickened and irregular 
septations (>3 mm), and papillary projections (Fig. 
7-79). Soft-tissue components associated with a pre- 
dominantly cystic mass should be considered more sus- 
picious if contrast enhancement is demonstrated on 
either CT or MRI. Ovarian lesions that are not simple 
cysts and do not have characteristic imaging features 
of a benign lesion are often explored surgically, particu- 
larly if other findings on imaging or laboratory tests 
(i.e., elevated CA-125 levels) suggest an ovarian malig- 
nancy (Box 7-24). 


BOX 7-24 Adnexal Mass: Criteria Suggesting 
Malignancy 


Size > 10 cm, or growth on serial imaging 
Solid or predominantly solid 

Irregular cystic spaces, suggesting necrosis 
Mural or septal thickness > 3 mm 

Papillary projections 

Mural nodule with blood flow or enhancement 


Duplex ultrasonography has been investigated as a 
method to improve characterization of pelvic masses; 
however, pulsatility index and resistive index measure- 
ments have been found to be of limited use in clinical 
practice for distinguishing benign from malignant 
ovarian neoplasms. 

Contrast-enhanced MRI may be helpful to further 
characterize complex ovarian masses seen on ultra- 
sound. MRI can show enhancing mural nodules and 
thickened, irregular septations within an ovarian mass, 
which are features worrisome for malignancy. MRI 
is also useful for distinguishing endometriomas and 
dermoid cysts from other ovarian neoplasms based on 
their signal characteristics at MRI (see Fig. 7-24). 

In addition to the imaging features of an ovarian 
mass that make it suspicious for malignancy as described 
in preceding paragraphs (see Box 7-24), secondary find- 
ings that suggest malignancy include (1) pelvic sidewall 
extension; (2) presence of ascites; (3) presence of 
implants on peritoneal, mesenteric, or omental sur- 
faces; (4) lymphadenopathy; and (5) urinary tract 
obstruction with hydronephrosis or hydroureter. Pres- 
ence or absence of these secondary findings should be 
carefully assessed whenever a suspicious ovarian mass 
is identified on imaging. In particular, an evaluation of 
the liver for surface implants and metastatic foci may 
yield important information about the nature of a pelvic 
mass (Fig. 7-80). This assessment is facilitated by the 
administration of intravenous contrast. Whereas pelvic 
ascites can be associated with benign or malignant 
tumors, abdominal ascites suggests a malignant tumor 
and peritoneal metastases. Two notable exceptions to 
this rule are the association of abdominal ascites with 
benign ovarian fibromas (Meigs syndrome) and ovarian 
torsion. 

CT and MRI have shortcomings in the staging of 
ovarian neoplasms, particularly in the detection of peri- 
toneal implants or omental metastases less than 1 cm 
in size (reported sensitivity of only 25% to 50%). The 
relatively poor sensitivity of conventional CT and MRI 
techniques in identifying minimal pelvic and abdominal 
diseases may preclude their use as a substitute for diag- 
nostic laparoscopy or exploratory laparotomy in the 
staging of ovarian neoplasms. The use of diffusion- 
weighted imaging on MRI, in combination with other 
conventional MRI sequences, has been investigated as 
a method to improve sensitivity for the detection of 
peritoneal disease and has been shown in several studies 
to increase accuracy in the staging of ovarian cancer. 

On CT and MRI, peritoneal implants appear as focal 
soft-tissue masses along the lateral peritoneum or in 
the subdiaphragmatic spaces. Mesenteric disease may 
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Peritoneal metastases from ovarian carcinoma. A and 
B, In a patient with an ovarian mass suspicious for malignancy, 
several hypodense masses (arrows) are seen along the surface of the 
liver on axial and coronal contrast-enhanced images. 


manifest on CT and MR scans as poorly defined nodular 
masses. With neurovascular invasion, a stellate pattern 
can be seen in the root of the mesentery. There is a 
spectrum of findings that suggest omental disease. 
Small nodules of soft tissue may pepper the fat anterior 
to bowel, or large, cakelike masses can be seen wedged 
between the colon and the anterior abdominal wall 
or the small bowel (Fig. 7-81). Serosal implants may 
appear as nodular thickening or spiculation of the bowel 
wall. The sensitivities of CT and MRI for the detection 
of abdominal metastatic disease and tumor recurrence 
after surgery for ovarian carcinoma are similar, but 
both are better than sonography for tumor staging. 


Endometrial Hyperplasia, Polyps, and Cancer 


Hyperplasia of the Endometrium 


Endometrial hyperplasia is overgrowth of the uterine 
endometrium under the hormonal influence of persis- 
tently high levels of estrogen unopposed by progester- 
one. This condition may occur physiologically during 
periods of infrequent ovulation. It also may occur when 
exogenous estrogens are administered to postmeno- 
pausal women, in patients with PCOS and with estrogen- 
producing ovarian neoplasms. Endometrial hyperplasia 
is classified as simple or complex, and by the presence 
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Omental disease from ovarian carcinoma. A, Several 
small soft-tissue nodules (arrows) are seen in the anterior abdomen 
within the greater omentum. B, Extensive soft-tissue thickening and 
nodularity (omental caking) are present (arrows) and there is a small 
volume of ascites. 


or absence of atypia. Endometrial hyperplasia without 
atypia has a low risk of progression to endometrial 
carcinoma (1% for simple and 3% for complex hyperpla- 
sia). By contrast, simple and complex atypical endome- 
trial hyperplasias have an 8% and 29% risk of progression 
to endometrial cancer, respectively. Endometrial hyper- 
plasia should be suspected when there is prolonged or 
irregular menses or postmenopausal bleeding. On ultra- 
sound evaluation, endometrial thickness greater than 
5 mm is considered abnormal in a postmenopausal 
woman who is not receiving hormonal therapy. Imaging 
cannot reliably differentiate endometrial hyperplasia 
from carcinoma and ultimately the diagnosis is made 
by endometrial biopsy. 


Endometrial Polyp 


A polypoid mass in the endometrial canal may repre- 
sent a true polyp of endometrial tissue, submucosal 
fibroid, or endometrial carcinoma. Endometrial polyps 
may cause bleeding, but most polyps are discovered 


The Female Genital Tract 291 


FIGURE 7-82 Endometrial polyp. A, Transvaginal ultrasound image 
shows thickening of the endometrial echo complex with several tiny 
cystic spaces in a woman with postmenopausal bleeding. B, With 
Doppler imaging, a feeding vessel is identified. Benign endometrial 
polyp was diagnosed at hysteroscopic excision. 


incidentally. On ultrasound, an endometrial polyp may 
appear as nonspecific thickening of the endometrium, 
or a focal mass may be visualized. Small cystic spaces 
within a polyp represent dilated glands and may be 
helpful in making the diagnosis (Fig. 7-82). With Doppler 
ultrasound, a feeding vessel may be seen within the 
stalk of an endometrial polyp (see Fig. 7-82). Sonohys- 
terography can be used to better delineate endometrial 
polyps and help distinguish polyps from submucosal 
fibroids and endometrial carcinoma (Fig. 7-83). If sur- 
rounded by fluid, endometrial polyps may occasionally 
be detected on CT, typically as an incidental finding 
(Fig. 7-84). On MRI, characteristic imaging features 
include the presence of a central fibrous core with 
low-signal intensity on T2-weighted images and T2- 
hyperintense cysts within the polyp. Endometrial 
polyps have a low risk of endometrial cancer (approxi- 
mately 1% to 3%), with a higher prevalence of malig- 
nancy in postmenopausal women with vaginal bleeding. 
Endometrial polyps are managed with hysteroscopic 
excision (see Fig. 7-83). 


Endometrial Cancer 


Endometrial cancer is the most common gynecologic 
malignancy in developed countries. It predominantly 
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FIGURE 7-83 Hysterosonogram of an endometrial mass in a 34-year- 
old woman with primary infertility. A, Hysterosalpingogram shows a 
filling defect projecting into the endometrial cavity. B, Endovaginal 
sonogram demonstrates a marked increase in the size and echo- 
genicity of the endometrium. C, Repeat sonogram after instillation of 
sterile saline through a balloon catheter inserted into the endometrial 
cavity (hysterosonography) shows a 2.5-cm echogenic polypoid mass 
(arrow) originating from thickened endometrium. D, At hysteros- 
copy an endometrial polyp (seen between arrows) was removed. 
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afflicts postmenopausal women, and only 5% of tumors 
occur in women younger than age of 40. Prolonged 
stimulation of the endometrium by unopposed estro- 
gens is a major risk factor. About 90% of patients with 
endometrial cancer present with abnormal vaginal 
bleeding. Although there are several histopathologic 
types of endometrial cancer, a majority are endometri- 
oid adenocarcinoma, which accounts for 75% to 80% of 
cases. Papillary serous carcinoma and clear-cell carci- 
noma comprise most of the remaining cases. 
Sarcomas of the uterus are considerably rarer than 
carcinomas, but have a worse prognosis because they 
disseminate earlier and tend to be discovered at a 
more advanced stage. Subtypes of endometrial sarcoma 
include endometrial stromal sarcoma, mixed miillerian 
tumors, and leiomyosarcoma. Sarcomatous transforma- 
tion of uterine leiomyomas is considered rare (<0.5% of 


Endometrial polyp. Contrast-enhanced computed 
tomography shows a polypoid lesion (arrow) in the endometrial 
canal. A benign polyp was diagnosed at resection. A submucosal 
fibroid or endometrial carcinoma could have a similar appearance. 


leiomyomas undergo malignant dedifferentiation), with 
most leiomyosarcomas thought to arise de novo (Fig. 
7-85). Rapid enlargement of a leiomyoma in a post- 
menopausal patient has been suggested as evidence of 
malignant degeneration to leiomyosarcoma, but studies 
have shown that this is not a reliable indicator. As with 
carcinomas, sarcomas frequently cause vaginal bleed- 
ing in postmenopausal women. 

Several factors determine the prognosis of endome- 
trial carcinoma, including the histologic grade of the 
neoplasm, the depth of myometrial invasion, and the 
presence of lymphadenopathy or distant metastatic 
disease. For example, the prevalence of malignant 
lymphadenopathy increases from 3% among patients 
with tumor confined to the inner half of the myome- 
trium (superficial invasion) to 46% when endometrial 
cancer invades the outer half of the myometrium 
(deep invasion). Lymph node metastases are the most 
common site of extrauterine disease and have the 
highest predictive value for recurrence of endometrial 
cancer after treatment. 

The staging system of endometrial carcinoma reflects 
the common routes of spread by direct extension 
into the cervix and through the myometrium into the 
pelvis (Box 7-25). Rarely, direct extension may involve 
the parametrium, vagina, bladder, and rectum. Lym- 
phatie spread to aortocaval and pelvic lymph nodes 
occurs after deep myometrial invasion or when the 
tumor is poorly differentiated (high grade). Hematoge- 
nous metastases to the liver, lungs, or brain usually are 
a late finding of incurable disease. 

Accurate staging is important for deciding among 
various management options. Primary management of 
stage I, low-grade tumors is total abdominal hysterec- 
tomy and BSO. Lymph node dissection may also be 
performed, but the efficacy of this procedure is contro- 
versial in early stage disease. Adjuvant radiation therapy 
(vaginal brachytherapy or external beam radiation, or 


Sarcomatous transformation in a degenerating uterine leiomyoma. A, Plain film of the abdomen dem- 
onstrates sheetlike coarse and flocculent calcifications in the left lower abdomen and pelvis in an elderly patient with 
abdominal pain, weight loss, and increasing abdominal girth. B, On computed tomography, the calcifications were 
contained in the wall of a 15-cm necrotic mass. At surgery, this mass was a leiomyosarcoma, and multiple degenerat- 
ing fibroids were also found in the hysterectomy specimen. 
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BOX 7-25 Staging of Endometrial Carcinoma 
(FIGO 2009) 


STAGE I 


Confined to the uterus or extension to the endocervical glands 
A—Confined to the uterus, <50% invasion of the 
myometrium 
B—Confined to the uterus, deep myometrial invasion 
(>50% invasion of the myometrium) 


STAGE II 
Extension to cervical stroma 


STAGE III 


Extrauterine, pelvic spread 
HA—Tumor invasion into serosa or adnexa 
I1B—Vaginal or parametrial involvement 
IHIC1—Pelvic node involvement 
IIIG2—Para-aortic node involvement 


STAGE IV 


Locally invasive or distant metastases 
A—Bladder or bowel mucosal invasion 
B—Distant metastases, inguinal adenopathy, malignant 
ascites, peritoneal involvement 


FIGO, International Federation of Gynecology and Obstetrics. 


both) may be offered to patients with high-grade tumors, 
those whose tumor has invaded beyond the inner half 
of the myometrium, and those with cervical stromal or 
lymphovascular invasion. In addition to hysterectomy 
and BSO, these high-risk patients will also undergo 
peritoneal and omental biopsies, as well as pelvic and 
para-aortic lymphadenectomy. More advanced stages of 
endometrial cancer may be managed palliatively with 
surgery and radiation therapy; hormonal therapy or 
chemotherapy also may be added on an individual 
basis. 

Transabdominal sonography and TVS are usually 
performed in the initial evaluation of the uterus when 
endometrial cancer is suspected clinically. As a general 
rule, the central endometrial echo complex should be 
no thicker than 5 mm in postmenopausal women with 
vaginal bleeding. However, the normal endometrium 
may measure up to 8 mm in postmenopausal women 
who are being treated with tamoxifen. The appearance 
of the endometrium on ultrasound images has been 
correlated with the likelihood of yielding diagnostic 
endometrial tissue in a patient with suspected endome- 
trial carcinoma. The presence of a thin, linear endome- 
trial echo complex less than 5 mm in anteroposterior 
diameter is more likely to yield insufficient tissue for 
diagnosis. Presumably, vaginal bleeding in these patients 
results from endometrial atrophy, which is prone to 
superficial ulceration and bleeding. When the endome- 
trial echo complex is greater than 5 mm in thickness, 
significant histologic tissue including hyperplastic 
endometrium, endometrial polyp, or endometrial car- 
cinoma may be found in up to 35% of patients (Figs. 
7-82 and 7-86). Ultrasonography has also been used 
to assess the depth of myometrial invasion, but its 
sensitivity is limited. The inner myometrium (junc- 
tional zone) appears as a hypoechoic layer around the 


Endometrial thickening in a postmenopausal woman 
with vaginal bleeding. A and B, Sagittal and transverse ultrasound 
images show marked thickening of the endometrium (arrows in A 
and B). The endometrial echo complex measured 26 mm. Endome- 
trial carcinoma was diagnosed at biopsy. 


echogenic endometrium. If this layer is intact but 
focally thinned, superficial myometrial invasion should 
be suspected. Obliteration of this hypoechoic layer 
implies deep myometrial invasion. Pitfalls to the sono- 
graphic staging of endometrial cancer include normal 
thinning of the junctional zone in postmenopausal 
women, uterine fibroids, and distention of the endome- 
trial cavity by blood or secretions. 

CT is commonly used to document the extent of 
local extrauterine disease and to assess for retroperito- 
neal, visceral, and pulmonary spread of endometrial 
carcinoma. Compared with the enhancement of the 
myometrium after contrast administration, endome- 
trial carcinoma is typically a hypodense mass (Fig. 
7-87). There may be evidence of obstruction of the 
cervical os, such as hydrometra or hematometra. As 
with cervical cancer, parametrial extension is suggested 
when stranding is observed in the parametrial or 
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Endometrial carcinoma on computed tomography. 
Compared with the enhancement of the myometrium, there is a rela- 
tively hypoenhancing mass (arrows in A and B) in the endometrial 
canal in this postmenopausal woman. 


adnexal fat (Fig. 7-88). Although CT has been effective 
in evaluating parametrial and lymphatic spread of endo- 
metrial carcinoma, it has not been as accurate as other 
imaging modalities in assessing the depth of myometrial 
invasion. 

MRI has been shown to be superior to CT for the 
local staging of endometrial cancer. The zonal anatomy 
of the uterus is best seen on T2-weighted images. 
On noncontrast T2-weighted MR images, endometrial 
cancer is usually of intermediate-signal intensity rela- 
tive to the normal T2-hyperintense endometrium; 
however, it may be similar to that of normal endome- 
trium. Therefore detection may rely on the presence 
of subtle secondary signs, such widening or lobularity 
of the endometrial contour. It is critical to assess the 
depth of myometrial invasion as this correlates with 
tumor grade, presence of metastatic adenopathy, and 
overall survival. The presence of superficial myometrial 
invasion (stage IA) is suggested by disruption or discon- 
tinuity of the T2-hypointense junctional zone (Fig. 
7-89). A potential limitation is that focal areas in which 
the junctional zone is indistinct may be seen as a 
normal finding in postmenopausal women. The junc- 
tional zone may also be very thin in postmenopausal 


Stage IVA endometrial adenocarcinoma. A hypodense, 
endophytic mass originates from the anterior wall of the uterine 
corpus. The fat plane along the anterior uterine wall is indistinct 
(small arrows). Marked enlargement of the uterus results from tumor 
and hydrometra (asterisk). At surgery, the tumor had spread into the 
parametrium and serosa of the small bowel (b). (Case courtesy Mark 
S. Ridlen, M.D.) 


Stage IA endometrial carcinoma. T2-weighted mag- 
netic resonance image shows an intermediate-signal-intensity endo- 
metrial mass (arrow) extending into the hypointense junctional zone 
(asterisk). At surgery there was less than 50% myometrial invasion. 
(Case courtesy Keyanoosh Hosseinzadeh, M.D.) 


women. When the junctional zone is not visible, but 
the interface between endometrium and myometrium 
is sharp and smooth, invasion is unlikely. On contrast- 
enhanced images, an intact band of early suben- 
dometrial enhancement has also been shown to 
exclude myometrial invasion. By contrast, an irregular 
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FIGURE 7-90 Magnetic resonance imaging of deep myometrial inva- 
sion of endometrial carcinoma. On a sagittal T2-weighted image, the 
tumor is relatively hyperintense compared with myometrium. There 
is marked thinning of the fundal myometrium (arrowheads) at the 
site of deep myometrial invasion. 


endometrial-myometrial interface is consistent with 
myometrial invasion. Deep myometrial invasion (stage 
IB) is suggested when an endometrial mass extends 
through the junctional zone into the outer myometrium 
(Fig. 7-90). The addition of dynamic contrast-enhanced 
imaging to the MR protocol has been shown to increase 
the diagnostic accuracy for the assessment of myome- 
trial invasion. Contrast-enhanced MRI may also allow 
for more accurate assessment of tumor volume. After 
administration of gadolinium-based contrast, there 
is variable enhancement of endometrial carcinomas. 
In some patients enhancement is greater than that 
of normal endometrium and myometrium, thereby 
increasing conspicuity. In other patients, endometrial 
carcinoma has lower signal intensity than normal myo- 
metrial tissue on gadolinium-enhanced T1-weighted 
MR images. Endometrial cancer demonstrates diffusion 
restriction on MRI, but the added value of diffusion- 
weighted MRI in endometrial cancer staging is not well 
established. 


Gestational Trophoblastic Disease 


GTD refers to a diverse group of diseases characterized 
by abnormal proliferation of trophoblastic tissue with 
the capacity to produce chorionic gonadotropins (ß- 
hCG). The types of GTD are hydatidiform mole (com- 
plete or partial), invasive mole, choriocarcinoma, 
placental-site trophoblastic tumor, and epithelioid tro- 
phoblastic tumor (ETT). On the benign side of the 
spectrum of disease is the molar pregnancy or hydatidi- 
form mole. Molar pregnancies exhibit neither myome- 
trial invasion nor metastasis. Complete, or classic, 
hydatidiform mole is characterized by hydropic enlarge- 
ment of chorionic villi, which create multiple vesicles 
of variable size. A majority of hydatidiform moles are 
complete moles. Complete moles are characterized by 
the absence of fetal tissue and have a karyotype of 46XX 
(90%) or 46XY (10%). Serum B-hCG levels are markedly 


elevated with complete moles. By contrast, the partial 
or incomplete mole presents with a dysmorphic and 
frequently triploid fetus. The karyotype of the molar 
tissue is 69XXY (70%), 69 XXX (27%), or rarely XYY 
(3%). A completely healthy fetus can occur with a coex- 
isting molar pregnancy, but this is less common than a 
partial molar pregnancy. Suction D&C is usually cura- 
tive for hydatidiform moles. Persistent GTD after D&C 
indicates the presence of myometrial invasion. Persis- 
tent GTD is most often seen with invasive mole, but can 
also be seen with choriocarcinoma and placental-site 
trophoblastic tumor. Less than 20% of complete hyda- 
tidiform moles become invasive, and this is even less 
common with partial moles. 

The most common malignant forms of GTD are inva- 
sive mole (formerly known as chorioadenoma destru- 
ens), which is locally invasive but rarely metastatic, 
and choriocarcinoma, which tends to grow rapidly and 
metastasize. Placental-site trophoblastic tumor and 
ETT are very rare, and ETT is more likely to metasta- 
size. Invasive mole represents less than 10% and cho- 
riocarcinoma about 5% of GTD. The pathology of 
invasive mole is marked by the presence of vesicular 
chorionic villi that show gross or microscopic evidence 
of myometrial invasion. With choriocarcinoma, hema- 
togenous dissemination to the lungs, brain, liver, 
kidneys, and gastrointestinal tract can occur. Unlike the 
other forms of GTD, choriocarcinoma does not neces- 
sarily follow a gestational event; nongestational forms 
of choriocarcinoma originate de novo in either the 
ovary or the testicle. Choriocarcinoma is characterized 
pathologically by the lack of any recognizable villous 
structure. Syncytial and cytotrophoblastic cells are 
interspersed between areas of hemorrhage and necro- 
sis. Chemotherapy is the mainstay of treatment for 
invasive mole and choriocarcinoma, although occasion- 
ally, invasive moles regress spontaneously. Placental- 
site trophoblastic tumor and ETT do not respond well 
to chemotherapy and are treated with hysterectomy if 
disease is confined to the uterus. 

Hydatidiform mole usually presents with heavy, 
painless vaginal bleeding during the first trimester of 
pregnancy. Vaginal passage of hydropic placental tissue 
may also occur. Occasionally, pre-eclampsia before 24 
weeks of gestation or severe hyperemesis gravidarum is 
a presenting feature. The physical examination may 
reveal a uterine size that is too large for estimated ges- 
tational age in 50% of patients, or an ovarian mass 
caused by theca lutein cysts. B-hCG titers are elevated 
disproportionately for the gestational age. Management 
of choice for hydatidiform mole is suction D&C of the 
uterus. Hysterectomy is also an option for a certain 
group of patients who do not desire further fertility. 
After D&C, the B-hCG level should return to normal 
within 3 months. Malignant forms of GTD should be 
suspected if the B-hCG level fails to return to normal 
or increases after uterine evacuation, if the theca lutein 
cysts fail to regress, or if vaginal bleeding persists. 

Sonography can be used to detect GTD and to evalu- 
ate local and distant metastatic diseases. Ultrasonogra- 
phy also can be used to examine the patient with a 
persistently elevated or rising B-hCG level after treat- 
ment of molar pregnancy. Particularly during the second 
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trimester, the sonographic appearance of molar preg- 
nancy is characteristic. The uterus is enlarged, and 
hydropic changes in molar villi produce multiple small, 
anechoic cystic areas 3 to 10 mm in diameter (Fig. 
7-91). These small cystic spaces may not be evident 
during the first trimester when molar tissue may appear 
as a homogeneously echogenic solid endometrial mass 
(Fig. 7-92). Foci of hemorrhage or ischemic necrosis 
may appear as focal, irregular hypoechoic, or anechoic 


areas. The differential diagnosis includes hydropic pla- 
cental degeneration after incomplete abortion, myxoid 
or hemorrhagic degeneration of a submucosal leiomy- 
oma, retained products of conception, and endometrial 
proliferative disease. It is important to evaluate the 
uterus for fetal membranes or parts, which would 
suggest partial mole. 

Myometrial invasion is seen with the malignant 
forms of GTD and is best evaluated with sonography or 


Hydatidiform mole complicated by hemorrhage. A and B, Transverse endovaginal sonograms show 
enlargement of the uterus because of a solid mass containing multiple small cystic spaces. This appearance is typical 
of a molar pregnancy. However, there also was a focal hyperechoic area (arrow) intermixed with molar tissue. 
C, Coronal T1-weighted magnetic resonance image shows molar tissue that is isointense to muscle (open arrow), 
although small hypointense cystic areas can be seen. The hyperintense signal (arrow) represents subacute hemor- 
rhage into molar tissue. D, Molar tissue (arrow) is hyperintense on a sagittal T2-weighted image (Tr = 3000 ms; 
Tr = 80 ms), and hemorrhage is relatively hypointense (open arrow). 
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Early molar pregnancy. Transverse endovaginal sono- 
gram demonstrates a predominantly solid endometrial mass in a 
24-year-old woman with a positive pregnancy test result. In the first 
trimester, molar gestations may not have the characteristic hydatidi- 
form features. 


MRI. Ultrasound can also be used to assess for meta- 
static disease, but CT allows for a more comprehensive 
evaluation in this regard. On ultrasound, myometrial 
invasion is suggested by focal myometrial thinning or 
irregularity adjacent to a mass in the endometrial cavity 
(Fig. 7-93). Multiple anechoic channels may be seen 
deep within myometrial tissue, and Doppler sonogra- 
phy shows that many of these spaces represent dilated 
spiral arteries with abnormally increased systolic and 
diastolic flows on spectral analysis. Malignant GTD also 
is suggested by the presence of irregular hypoechoic 
areas within a mass representing hemorrhage or necro- 
sis, or both. It is important to remember that anechoic 
hydropic villi will be seen with invasive mole but not 
with choriocarcinoma. Patients with choriocarcinoma 
may also have local pelvic or "distant metastases at the 
time of diagnosis (see 

Under the trophic aeneo of B-hCG, theca lutein 
cysts develop in approximately 25% of patients with 
GTD. Sonography demonstrates multiple bila an- 
echoic cysts that enlarge the ovaries (see Fig. 7-62). It 
is important to document the resolution of ee lutein 
cysts after evacuation of the uterus because failure to 
resolve after 3 to 4 months suggests the presence of 
residual or metastatic disease. 


Cancer of the Uterine Cervix 


The incidence of cervical cancer has declined substan- 
tially over the past several decades in developed coun- 
tries, largely due to screening programs that detect 
preinvasive diseases. Most cervical cancers are squa- 
mous cell carcinomas, whereas adenocarcinoma and 
adenosquamous carcinoma account for most of the 
remaining cases. Although cervical cytology (Pap test) 
correlates with the histopathologic diagnosis, col- 
poscopic biopsy, endocervical curettage, or cone biopsy 
are necessary for the definitive diagnosis. The colpo- 
scope is a stereoscopic binocular microscope used to 
detect areas of cervical dysplasia for biopsy. Dysplastic 
epithelium appears white under the colposcope after 
surface application of acetic acid. Punch biopsies are 
taken from suspicious areas. 

Preinvasive cervical cancer usually does not produce 
symptoms. Invasive cervical cancer is accompanied by 


Choriocarcinoma metastases to the kidney. Sagittal 
(A) and transverse (B) sonograms of the uterus demonstrate an 
echogenic mass that completely fills the endometrial cavity. On the 
transverse image, there is invasion into the inner myometrium (seen 
between arrows). C, Sagittal sonogram of the right renal fossa dem- 
onstrates a hyperechoic mass and no reniform tissue. D, Contrast- 
enhanced abdominal computed tomography shows a large mass of 
mixed attenuation that has destroyed the right kidney and filled the 
pararenal spaces. Biopsy of this mass revealed choriocarcinoma. 
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BOX 7-26 Staging of Cervical Carcinoma 
(FIGO 2009) 


STAGE I 
Carcinoma confined to the cervix (extension to uterine corpus 
disregarded) 
A—Microscopic invasion 
B—Clinically visible lesion (IB1: visible lesion < 4 em; IB2: 
visible lesion > 4 cm) 


STAGE II 


Carcinoma extends beyond the cervix, but not to the pelvic 
sidewall or lower third of the vagina 
A—No parametrial invasion (HA1: lesion < 4 cm; IIB2: 
lesion > 4 cm) 
B—Parametrial invasion 


STAGE III 


Carcinoma extends beyond cervix 
A—Tumor involves lower third of the vagina with no exten- 
sion to the pelvic sidewall 
B—Extension to the pelvic sidewall and/or hydronephrosis 
or nonfunctioning kidney 


STAGE IV 


Carcinoma extends beyond the true pelvis or invades mucosa 
of the bladder or rectum 
A—Extension beyond the true pelvis or rectal/bladder 
mucosal invasion 
B—Distant organ spread 


FIGO, International Federation of Gynecology and Obstetrics. 


abnormal vaginal bleeding in 80% of patients. Other 
symptoms may include abnormal vaginal discharge and 
dyspareunia. The most important risk factor for cervi- 
cal cancer is infection with human papilloma virus, 
subtypes 16 and 18. Other risk factors include smoking, 
lower socioeconomic status, immunosuppression (sec- 
ondary to medications or human immunodeficiency 
virus infection), oral contraceptive pills, multiple sexual 
partners, early sexual contact, and family history. 

Staging of cervical cancer plays an important role in 
management selection. The International Federation of 
Gynecology and Obstetrics (FIGO) staging system is 
the most widely used in clinical practice and was most 
recently revised in 2009 (Box 7-26). 

Carcinoma in situ can be managed with superficial 
ablative techniques. Options for treatment of stage I 
cervical cancer vary depending on tumor width and 
depth of invasion and include removal with cone biopsy, 
hysterectomy (total or radical), radical trachelectomy 
(for women who wish to preserve fertility), and brachy- 
therapy with or without external beam radiation therapy 
to the pelvis. Lymph node dissection may also be neces- 
sary. Chemotherapy may be given for larger tumors 
with greater depth of invasion. Treatment of stage IIA 
cervical cancer depends on tumor size and may include 
radical hysterectomy, lymph node dissection, radiation 
therapy, and chemotherapy. Stage IIB cancers are 
treated with internal and external radiation therapies, 
usually combined with cisplatin. Stage HI and IVA 
tumors are treated with internal and external radiation 
therapies combined with cisplatin. Treatment for stage 


IVB tumors consists of palliative radiotherapy and che- 
motherapy. Pelvic exenteration with reconstruction is 
reserved for patients with local recurrence after radia- 
tion therapy or those with primary disease unrespon- 
sive to initial surgery or combined surgical treatment, 
chemotherapy, and radiation therapy. 

Because local spread of disease is most characteristic 
of cervical cancer, detection of invasion of the vagina, 
parametrium, and pelvic sidewall is important. Prog- 
nostic factors in cervical cancer include the histopa- 
thology and grade of the tumor, location within the 
cervix, transverse diameter, depth of stromal invasion, 
and the presence of adenopathy and/or extracervical 
extension of disease. Lymphatic spread to pelvic and 
para-aortic lymph nodes is more common than hema- 
togenous dissemination. The presence of lymphade- 
nopathy excludes curative surgery and is associated 
with decreased 5-year survival. 

Although the FIGO staging system for cervical cancer 
remains entirely clinical, imaging can play a valuable 
role in assessing the extent of disease, including tumor 
size and the presence of parametrial invasion and 
lymph node metastases. This is especially important 
because clinical staging underestimates the disease 
stage in up to two thirds of patients. Accurate staging 
will allow patients to receive appropriate therapy. 

As the sonographic appearance of cervical cancer is 
frequently isoechoic to normal cervical tissue, enlarge- 
ment of the cervix may be the only sign of cancer on 
US. If cancer obstructs the cervical canal, hydrometra 
or hematometra may be detected with sonography. 
Because cervical cancer is usually diagnosed on the 
basis of the physical examination and histologic sereen- 
ing (Pap test), ultrasonography plays a minor role in 
cancer detection. Staging of cervical cancer is a more 
important objective of imaging. 

Whereas CT has traditionally been used to evaluate 
the primary tumor and to stage the spread of cervical 
carcinoma, MRI has been shown to be more accurate 
for staging, with the exception of distant metastasis. On 
CT, the cervical cancer primary tumor may cause 
enlargement and heterogeneous contrast enhancement 
of the cervix (Fig. 7-94); however, the primary tumor 
may be isodense to normal cervical stroma in approxi- 
mately 50% of patients. Obstruction of the endocervical 
canal may result in distention of the endometrial cavity 
and hydrometra or hematometra. Parametrial spread of 
tumor is suggested when the lateral margins of the 
cervix are poorly defined and irregular or when there 
is an eccentric soft-tissue mass. Increased density and 
stranding in the paracervical fat also suggest stage IIB 
disease (Fig. 7-95). Spread to the pelvic sidewall (stage 
IIIB) is suggested when soft tissue extends to within 
3 mm of the obturator internus and piriformis muscles. 
The presence of hydronephrosis also indicates stage 
NIB disease (Fig. 7-96) and is rarely the presenting 
manifestation of this disease. Extension of the cervical 
primary tumor to either the bladder or the rectal 
mucosa, designated stage IVA disease, is suggested 
when the fat planes around these viscera are obliter- 
ated. Thickening or nodularity of the bladder or rectal 
wall, or a focal intraluminal mass is an additional finding 
suggesting locally advanced disease (Fig. 7-97). Cervical 
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Stage IIA cervical carcinoma on computed tomogra- 
phy. There is enlargement and heterogeneous enhancement of the 
cervix (arrow). The margins of the cervix are well defined, and the 
distal left ureter (open arrow) is normal. At surgery, there was no 
parametrial spread of cervical carcinoma. 


Computed tomography (CT) findings of parametrial 
invasion by cervical cancer. A, Noncontrast pelvic CT demonstrates 
marked enlargement of the cervix, which has poorly defined margins; 
however, the fat planes (arrow) next to the obturator internus 
muscles are intact. This finding suggests spread to the parametrium 
but not to the pelvic wall. B, Secondary obstruction of the cervical 
canal results in hydrometra (asterisk). 


Stage IIIB cervical carcinoma. A, The cervix (aster- 
isk) is enlarged with poorly defined margins, suggestive of parametrial 
spread of tumor. Foley catheter is seen in the bladder. B, Left hydro- 
nephrosis is present with asymmetric enhancement of the left kidney 
(delayed nephrogram) secondary to parametrial extension of disease 
with distal ureteral obstruction. 


carcinoma usually affects the parametrial, obturator, 
external iliac and internal iliac lymph nodes first, fol- 
lowed by the para-aortic nodes. Pelvic lymph nodes 
greater than 10 mm in the short axis are suspicious for 
metastatic disease; however, lymph nodes may be 
enlarged for reasons other than metastasis, such as 
reactive hyperplasia. Conversely, microscopic neoplas- 
tic infiltration may be found in nodes of normal size. 

MRI is the most accurate imaging modality for the 
staging of cervical carcinoma. MRI can assess for the 
presence of early versus advanced disease, can help 
determine which patients are surgical candidates and 
those who might benefit from chemoradiation, and can 
assess the proximal extension of cervical cancer in 
younger women who desire to preserve fertility. MRI 
can also monitor tumor response to therapy, evaluate 
for recurrence, assess for complications of cervical 
cancer and its treatment, and assist in radiotherapy 
planning. 

MRI is highly accurate for assessing tumor size and 
has been shown to be more accurate than clinical 
assessment in this regard. On T2-weighted images, cer- 
vical cancer is seen as a mass of relatively high-signal 
intensity compared with the cervical stroma. The cervi- 
cal stroma is composed of dense fibromuscular tissue 
and is therefore uniformly hypointense on T2-weighted 
images, whereas the glandular elements lining the 
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Stage IVA cervical carcinoma. A, Noncontrast com- 
puted tomography of the pelvis demonstrates loss of the retrovesical 
fat plane adjacent to a cervical soft-tissue mass. The bladder wall is 
focally thickened at the site of tumor invasion. B, In another patient, 
there is more diffuse thickening of the bladder wall contiguous with 
a cervical carcinoma (asterisk). In this patient locally invasive tumor 
also has spread to the rectum. 


endocervical canal are hyperintense on T2-weighted 
images (Fig. 7-98). An intact low-signal intensity cervi- 
cal stromal ring around the endocervical canal is a 
highly reliable indicator that cervical stromal transgres- 
sion and parametrial invasion are not present, with a 
reported negative predictive value of 94% to 100%. Dis- 
ruption of the cervical stromal ring is indicative of para- 
metrial invasion and at least stage IIB disease (Fig. 
7-99). This assessment is critical in determining treat- 
ment options because patients with parametrial inva- 
sion are not surgical candidates. The staging accuracy 
of MRI for parametrial invasion is 88% to 97%, com- 
pared with 30% to 58% for CT. Dynamic contrast- 
enhanced imaging may be helpful in assessing advanced 
disease, including rectal, bladder, and pelvic sidewall 
invasion, whereas T2-weighted images are better for 
evaluating tumor size and cervical stromal invasion. 
Diffusion-weighted imaging is sensitive for the detec- 
tion of small tumors and may help to depict tumors that 
are poorly circumscribed on T2-weighted images. 


Normal cervical stroma on magnetic resonance 
imaging. The cervical stroma (arrow) is composed of dense fibromus- 
cular tissue and is hypointense on T2-weighted images. An intact 
cervical stromal ring has a high negative predictive value in excluding 
parametrial invasion. 


Stage HIB cervical carcinoma. In a patient with 
biopsy-proven squamous cell carcinoma of the cervix, there are 
several areas of disruption (arrow) of the T2-hypointense cervical 
stromal ring, consistent with parametrial invasion. Parametrial inva- 
sion precludes radical surgery. (Case courtesy Keyanoosh Hosseinza- 
deh, M.D.) 


Cervical cancer can be restaged accurately with 
MRI after radiation therapy. Response to radiation is 
typified by reduction in size and significant decrease in 
signal intensity on T2-weighted images. Conversely, 
tumors that do not respond to radiotherapy generally 
are large at diagnosis and retain high-signal intensity 
relative to that of the adjacent cervical stroma. Recur- 
rent tumor can be differentiated from radiation fibrosis 
because tumor tends to present as a focal mass that is 
hyperintense to pelvic sidewall musculature and fat 
on T2-weighted images, whereas fibrosis is of low-signal 
intensity. However, the distinction based on relative 
signal intensity may be less reliable within 6 months of 
radiotherapy, when vascularized or edematous granula- 
tion tissue may mimic residual tumor in signal inten- 
sity. Dynamic contrast-enhanced MRI may be of benefit 
in distinguishing recurrent disease from fibrosis because 
recurrent tumor will typically show early enhancement 
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FIGURE 7-100 Stage IVB cervical cancer. In a patient with invasive 
cervical squamous cell carcinoma, a hypermetabolic left supracla- 
vicular lymph node is identified on positron emission tomography- 
computed tomography, indicative of stage IVB disease. (Case courtesy 
Keyanoosh Hosseinzadeh, M.D.) 


compared with the delayed enhancement that is seen 
in fibrosis. 

Although positron emission tomography-CT (PET- 
CT) has a limited role in the evaluation of early stage 
cervical cancer, it is more sensitive and specific in the 
evaluation of patients with advanced disease (stage IIB 
or higher). PET-CT may demonstrate unexpected sites 
of disease beyond the true pelvis, such as supraclavicu- 
lar adenopathy, which can alter treatment strategies 
(Fig. 7-100). PET-CT has also been shown to have 
higher sensitivity than MRI or CT alone in the detection 
of recurrent disease, and has been used to monitor 
response to therapy. 
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The Male Genital Tract 
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The diagnosis and management of diseases of the male 
genital tract have changed significantly in recent years 
as a direct result of technologic advances in imaging 
and progress in therapeutics. The purpose of this 
chapter is to present current imaging of the male genital 
tract in the context of selected clinical problems. The 
first part of the chapter reviews the embryology, 
anatomy, and physiology of the male genital tract. 
Imaging of the male genital tract is then presented as a 
series of eight clinical topics. The first four topics relate 
to imaging of the testis and scrotum: atraumatic scrotal 
pain, enlargement, or mass; staging of testicular carci- 
noma; trauma to the scrotum; and the undescended 
testicle. The next three topics cover disease of the pros- 
tate: the prostate nodule and enlargement; staging of 
prostatic carcinoma; prostatodynia and fever. The final 
clinical topic is erectile dysfunction. 


= EMBRYOLOGY, ANATOMY, 
AND PHYSIOLOGY 


Embryology 


Upper Urinary Tract 

Three pairs of excretory organs develop from the inter- 
mediate mesoderm: pronephros, mesonephros, and 
metanephros. The pronephros is a rudimentary and 
transient organ from which the primary nephric 
duct is derived. The mesonephric tubules fuse with 
the mesonephric or wolffian duct, an extension of the 
primary nephric duct. The metanephros forms the 
definitive renal unit and is composed of the metaneph- 
ric duct, or primitive ureter, and metanephrogenic 
tissue. By the process of induction, the developing per- 
manent kidney (metanephros) is induced by the ure- 
teral bud, an outpouching from the wolffian duct. As 
the urogenital sinus and rectum are being formed from 
the division of the cloaca by the urorectal fold, the 
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caudal ends of the metanephric ducts (ureters) undergo 
resorption. As a result, the paired caudal ends of the 
wolffian and metanephric ducts develop separate open- 
ings into the urogenital sinus. Additional compartmen- 
talization of the urogenital sinus into the bladder and 
urethra is accompanied by a differential migration in 
the relative positions of these ducts so that the meta- 
nephriec duct orifice empties into the bladder and 
assumes a more cranial and lateral position than the 
wolffian ducts, which empty into the prostatic urethra. 


Internal Genitalia 


The internal genitalia are derived from the wolffian 
(mesonephric) and miillerian (paramesonephric) ducts 
that are side-by-side in embryos of both sexes until 
about the seventh week of development. In men, the 
miillerian ducts largely degenerate, and the wolffian 
ducts differentiate into epididymides, vas deferens, 
seminal vesicles, and ejaculatory ducts. In women, 
the miillerian ducts develop into the upper part of the 
vagina, the uterus, and the paired fallopian tubes; the 
wolffian ducts regress. In both sexes, the external geni- 
talia and urethra develop from the urogenital sinus and 
the genital tubercle, folds, and swellings. In the absence 
of the hormonally functional testis, the phenotypic sex 
develops along female lines. Masculinization results 
from the action of hormones from the fetal gonad, 
whereas female development does not require gonadal 
presence. As the fetal gonad descends from the abdomen 
to the pelvis, it is enveloped by a peritoneal outpouch- 
ing called the processus vaginalis. The processus vagi- 
nalis is attached to the gubernaculum, which also 
attaches the fetal gonad to the scrotal swelling. The 
testes remain near the deep inguinal ring until the third 
trimester and usually enter the scrotum before birth. A 
part of the processus vaginalis persists as the tunica 
vaginalis. 
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The prostate gland is derived from urethral epithe- 
lium, which is induced to form ductular structures by 
mesenchymal cells from the urogenital sinus. The pros- 
tatic utricle develops from the epithelium of the uro- 
genital sinus, wolffian ducts, and miillerian ducts. In the 
male fetus, the cranial portions of the miillerian ducts 
involute as a result of the secretion of an antimiillerian 
factor by the Sertoli cells of the testes. The most caudal 
remnant persists as a well-defined tube that unites with 
the posterior wall of the urogenital sinus to form the 
utricular plate. 


Anatomy and Physiology 


The normal adult testis is an ovoid gland that measures 
3.5 to 5 cm in length and 2 to 3 em in height and width, 
and is covered by a fibrous capsule called the tunica 
albuginea. The mediastinum testis is a thick, vertical 
invagination of this fibrous capsule along the postero- 
superior margin of the testis and is the site where the 
spermatic cord enters the testicle. Each testis is divided 
into cone-shaped lobules, organized so that the apices 
converge on the mediastinum (Fig. 8-1). Each lobule is 
composed of branching seminiferous tubules that come 
together to form larger ducts, the tubuli seminiferi 
recti, which drain into the rete testis at the testicular 
hilum. The rete testes converge to form 15 to 20 effer- 
ent ductules. 

The ductal system of the testis continues as the epi- 
didymis, a conduit 6 to 7 cm in length that lies superi- 
orly and laterally to the testicle. The head of the 
epididymis (globus major), which is lateral to the upper 
pole of the testis, normally is 7 to 8 mm in diameter 
and is connected to the upper testicular pole by the 
efferent ductules (see Fig. 8-1). The body and tail 
(globus minor) of the epididymis extend inferiorly along 
the margin of the testicle and normally decrease in 
diameter to 2 to 4mm. The appendices of the testis 
(hydatid of Morgagni) and the appendix of the epididy- 
mis are functionless embryonic remnants of the parame- 
sonephric and mesonephric ducts, respectively. The vas 
deferens is the distal continuation of the tail of the 
epididymis. It ascends in the posterior part of the sper- 
matic cord but leaves the cord at the deep inguinal ring. 
It extends anteriorly to the external iliac artery and 
then curves obliquely downward to enter the true 
pelvis. After crossing over the ureter, it follows a 
descending course between the posterior surface of the 
bladder and upper pole of the seminal vesicle. The 
lumen dilates slightly just posterior to the bladder, 
forming the ampulla. At the base of the prostate, it joins 
the seminal vesicle to form the ejaculatory duct (Fig. 
8-2). Each seminal vesicle is a coiled and sacculated 
tube that forms much of the protein in the seminal fluid 
and contracts during ejaculation. The paired seminal 
vesicles are extraperitoneal and are located between 
the bladder anteriorly, rectovesical fascia posteriorly, 
ampulla of the vas deferens medially, and prostatic 
venous plexus laterally. In men, each seminal vesicle is 
about 3 cm in length and 1.5 cm in width. The shape 
of the normal seminal vesicle varies; it can be round, 
ovoid, or tubular, and in one third of the male popula- 
tion, the seminal vesicles are asymmetric in size or 


shape. The ejaculatory duct on each side is formed from 
the union of the seminal vesicle and the vas deferens 
at the base of the prostate. Each duct is approximately 
2 cm in length and ends as a small orifice on the col- 
liculus seminalis, adjacent to the verumontanum and 
prostatic utricle. 

The spermatic cord is composed of the vas deferens 
and vessels, lymphatics, and nerves. There are three 
arteries within the spermatic cord, namely, the internal 
spermatic (testicular) artery, the external spermatic or 
cremasteric artery (a branch of the inferior epigastric 
artery), and the artery to the vas deferens (a branch of 
the vesical artery). Venous flow from the scrotum is 
through the pampiniform plexus in the spermatic cord. 
This plexus drains into the ipsilateral testicular vein. 
The right testicular vein drains directly into the inferior 
vena cava just caudal to the renal vein, and the left 
testicular vein empties into the left renal vein. The 
cremasteric nerve, genital branch of the genitofemoral 
nerve, and testicular sympathetic plexus are also con- 
stituents of the cord. Four to eight lymphatic vessels 
ascend in the spermatic cord with the testicular vessels 
to drain into the lateral aortic and preaortic nodes. 

The scrotal wall components are derived from the 
various layers of the abdominal wall. The tunica vagi- 
nalis is the lower end of the peritoneal processus vagi- 
nalis. Because the tunica vaginalis is reflected on itself, 
it can be divided into a visceral layer, which is applied 
directly to the testis, epididymis, and posterior scrotal 
wall, and a parietal layer, which lines the scrotal wall. 
The visceral layer applies the testis to the posterior 
scrotal wall by forming an envelope around the testis. 
A superior and posterior aspect of the testis is the only 
part that is not in continuity with this covering. The 
potential space of this serous sac normally contains 1 
to 2 mL of fluid. Bowel or omentum may herniate into 
this space, and fluid may accumulate in this area to 
form a hydrocele. The dartos is the highly vascularized 
outer layer of the scrotum. The appendix testis, or 
hydatid of Morgagni, is a miillerian duct remnant 
located on the superior aspect of the testis. It is typi- 
cally seen only when there is an associated hydrocele 
(Fig. 8-3). 

There are 20 to 30 arborizing glands of the prostate. 
They drain into the prostatic urethra at and below the 
verumontanum, the top of which is located midway 
between the internal and external urethral sphincters. 
The glandular tissue of the prostate can be subdivided 
into three discrete zones based on the location and 
patterns of ductular drainage (Fig. 8-4 and Box 8-1). 
The peripheral zone is located between the base of the 
verumontanum and the apex of the gland posteriorly 
and laterally. It also makes up most of the apex of the 
prostate. The central zone, which contains more stroma 
than glandular tissue, is located immediately around 
the ejaculatory ducts. The ducts of the peripheral zone 
and those of the smaller central zone account for 
roughly 95% of the glandular tissue of the prostate. The 
third glandular area is the transitional zone, which sur- 
rounds the preprostatic urethra (i.e., that portion of the 
urethra cephalad to the verumontanum) and accounts 
for only 5% to 10% of the normal glandular prostate in 
young men. The term central gland refers to the central 
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Anatomy of the testis and epididymis. A, The parenchyma of the testis is encased by the tunica albu- 
ginea (TA), a thick fibrous capsule. Multiple septa from this capsule divide the parenchyma into several hundred 
lobules (L). Each lobule contains one to several tortuous seminiferous tubules. At the mediastinum testis (M), these 
tubules anastomose to form the rete testis. The tubules of the rete testis empty into 10 to 15 efferent ducts (ED), 
which continue as the head (globus major) of the epididymis (E). This larger, upper pole of the epididymis continues 
first as the midportion or body and then as the tail (globus minor). The vas deferens (VD) originates at the tail of the 
epididymis. Longitudinal (B) and transverse (C, D, and E) images in a normal patient through the upper, mid, and 
lower left testicle, respectively, show the echogenic tunica albuginea (arrow in B and D) enveloping the testicle (T), 
the hyperechoic mediastinum (M) in D, and the head (H), body (B), and tail (asterisk) of the epididymis adjacent to 


the testicle in C, D, and E. 


zone, the transitional zone, and the periurethral tissues. 
The glandular prostate is surrounded by stroma consist- 
ing of connective tissue and smooth muscle. The ante- 
rior fibromuscular stroma contains smooth muscle, 
which mixes with periurethral muscle fibers at the 
bladder neck. Histologically, there is no distinct capsule 
that surrounds the prostate. Instead, the capsule is a 
blending of the prostatic fibromuscular stroma with 
endopelvic fascia. There is no prostatic capsule anteri- 
orly or at the prostatic apex. 


A rich periprostatic venous plexus, which joins 
the hemorrhoidal and Santorini plexus to drain into the 
internal iliac vein, surrounds the prostate gland. The 
arterial supply to the prostate derives from the inferior 
vesical and inferior hemorrhoidal branches of the inter- 
nal iliac artery. Nerve branches to the seminal vesicles, 
prostate, urethra, and corpora cavernosa travel together 
in the neurovascular bundle, which is approximately 5 
to 6 em in length and is located posteriorly and laterally 
to the posterior or rectal surface of the prostate. The 
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Vasography with opacification of the normal vas 
deferens, seminal vesicles, and ejaculatory ducts. The vas deferens 
(arrows) is the distal continuation of the epididymis. After crossing 
over the distal ureter, it bends anteromedially to pass between the 
posterior surface of the bladder and the upper pole of the seminal 
vesicle (S). It descends to the base of the prostate, joining the duct 
of the seminal vesicle to form the ejaculatory duct (open arrow). 


Testicular appendage. Transverse ultrasound image 
through the mid scrotum shows a small right hydrocele that allows 
for visualization of a testicular appendage (arrow) arising from the 
right testicle, a functionless remnant of the paramesonephric duct. 


internal iliac lymph node chain is responsible for 
primary lymphatic drainage of the prostate. 


m= ATRAUMATIC SCROTAL PAIN, 
ENLARGEMENT, OR MASS 


When confronted with the clinical history of atraumatic 
scrotal mass, swelling, or pain, it is critical to attempt 
to identify the specific cause of the symptoms (Box 
8-2). The major diagnoses to be considered are testicu- 
lar torsion, epididymitis, orchitis, and testicular neo- 
plasms. Benign diseases, frequently inflammatory, 
predominate in the epididymis and scrotum. Other 
common non-neoplastic scrotal masses, such as hydro- 
cele or hernia, also involve the extratesticular space. 
Even the rare extratesticular neoplasm is more often 


Normal anatomy of the prostate gland. Drawings show 
the glandular anatomy of the prostate in the transverse (A) and sagit- 
tal (B) planes. The glandular tissue of the prostate is divided into 
three zones. The large peripheral zone (PZ) is located posteriorly, 
extending from the base of the verumontanum to the apex of the 
prostate gland. The central zone (CZ) is found around the ejaculatory 
ducts (ED), and the transitional zone (TZ) surrounds the prostatic 
urethra (U). The surgical capsule (SC) separates the peripheral zone 
from the central zone, transitional zone, and periurethral tissues, 
together referred to as the central gland. The anterior fibromuscular 
stroma (FS) contains no glandular tissue. C, T2-weighted, axial mag- 
netic resonance image shows the peripheral zone of the prostate 
gland (arrows) anterior to the anterior rectal wall (R) and the tran- 
sitional zone surrounding the prostatic urethra (arrowhead) at the 
bladder base (BL). The surgical capsule is represented by the dotted 
white line. Ant, Anterior; Caud, caudad; Ceph, cephalad; ES, external 
urethral sphincter; IS, internal urethral sphincter; Post, posterior; SV, 
seminal vesicles. 
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BOX 8-1 Prostate Anatomy 


PERIPHERAL ZONE 


Largest volume of glandular tissue 
Approximately 70% of prostate cancers occur here 


TRANSITIONAL ZONE 


Surrounds proximal prostatic urethra 
Benign prostatic hyperplasia 
Approximately 20% of prostate cancers occur here 


CENTRAL ZONE 
Surrounds ejaculatory ducts 


CENTRAL GLAND 
Transitional zone + central zone 


NEUROVASCULAR BUNDLES 


Posterolateral to prostate (at the 5 o’clock and 7 o’clock 
positions) 


BOX 8-2 Acute Scrotum 


Torsion of the spermatic cord or testicular appendage 
Epididymitis 

Orchitis 

Strangulated hernia 

Testicular neoplasm 

Scrotal abscess (Fournier gangrene) 


benign. By contrast, a malignant neoplasm is the most 
likely diagnosis whenever a focal or diffuse intratesticu- 
lar mass is detected. Sonography is ideal for the initial 
examination of the patient with an atraumatic scrotal 
process because high-resolution images of the scrotum 
(obtained with 7.5- to 15-MHz transducers) may be 
coupled with color and spectral Doppler imaging for 
improved diagnosis. Ultrasonography is accurate for 
distinguishing a testicular mass from one that originates 
in the extratesticular space in 95% of patients. 


Torsion of the Spermatie Cord 


Torsion refers to an abnormal twist of the spermatic 
cord that causes testicular ischemia. Although torsion 
of the cord is possible at any age, it is most common in 
infants aged less than 12 months and in adolescents, 
with approximately two thirds of cases occurring 
between 12 and 18 years of age. After adolescence, the 
incidence slowly decreases. In the neonatal period and 
in infants, the testicle and spermatic cord are attached 
loosely to the scrotum, and the entire cord above the 
level of the scrotum may undergo torsion (extravaginal 
torsion). Another anatomic condition that predisposes 
infants and adolescents to torsion is the anomalous 
suspension of the testicle within the tunica vaginalis. 
In this condition fixation of the testicle to the posterior 
scrotal wall is incomplete. In addition, the mesenteric 
attachment of the spermatic cord to the testis is abnor- 
mally short, permitting the testis to fall forward and 
rotate within the tunica vaginalis (intravaginal torsion). 


BOX 8-3 Spermatic Cord Torsion: Ultrasound 


Torsion may be complete or incomplete 
Gray-scale ultrasonography 
Testicle: normal or enlarged, patchy hypoechoic areas 
Epididymis: normal or enlarged and hypoechoic 
Scrotal skin: normal or thickened 
Testicle can be small and heterogeneous in chronic torsion 
Color Doppler ultrasonography 
Establish settings from normal testicle 
No detectable flow or markedly asymmetric flow 
Incomplete torsion may be falsely normal 
Increased flow in recent detorsion 


This so-called bell clapper deformity involves both tes- 
ticles in 70% of patients, and simultaneous bilateral 
torsion may occur in 5% of patients. Therefore surgical 
therapy of unilateral testicular torsion calls for contra- 
lateral orchiopexy. The undescended testicle is also 
more likely to undergo torsion. Torsion also may occur 
when the mesorchium, which normally attaches the 
testis to the epididymis, is abnormally long. This struc- 
tural anomaly permits the testicle to torque on its own 
axis, resulting in a less common type of intravaginal 
torsion. Other structures within the scrotum may 
undergo torsion and present with a similar clinical 
picture. The most common of these is torsion of the 
appendix testis, a remnant of the miillerian duct system. 

Once torsion has occurred, testicular salvage depends 
on expeditious diagnosis and prompt surgical detorsion. 
Torsion may be complete (i.e., a twist > 360 degrees), 
but it is often incomplete. Spontaneous detorsion and 
retorsion greatly complicate the clinical and imaging 
diagnoses. In men with torsion of the spermatic cord of 
more than 360 degrees, the testicular salvage rate is 
80% when detorsion is accomplished within 5 hours, 
but the rate falls to 20% if torsion is not corrected 
within 12 hours after the onset of symptoms. Twists of 
less than 360 degrees may be present for relatively 
longer periods before testicular viability and function 
are irreversibly lost. Surgery may be indicated if torsion 
is diagnosed beyond the period of testicular viability 
(late or missed torsion). Orchiopexy of the opposite 
testicle may be needed, and several sources suggest 
that the devitalized testicle should be removed because 
the liberation of proteins from the necrotic testicle can 
lead to the formation of autoantibodies that, theoreti- 
cally, may compromise the formation or maturation of 
sperm from the contralateral testicle, impairing future 
fertility. 

The preferred method of screening for torsion of 
the spermatic cord is high-resolution ultrasonography 
with color Doppler imaging (Box 8-3). Comparison 
studies in children and adults suggest that the sensitiv- 
ity is in the 85% to 100% range, and sonography is 
usually readily accessible and can be performed rapidly. 
Sonography may be repeated when necessary, if inter- 
mittent torsion is suspected. The sonographic appear- 
ance of testicular torsion depends on the duration of 
the torsion. The acutely torsed testicle may have normal 
testicular echogenicity and size or it may be enlarged 
and diffusely hypoechoic or contain multifocal areas of 
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decreased echogenicity (Fig. 8-5). Because the epididy- 
mis is also supplied by the testicular artery, it may be 
enlarged and hypoechoic and a reactive hydrocele may 
be seen. Scrotal skin thickening also may be apparent. 
The testicle that is imaged 12 hours or more after initial 
torsion may develop a more heterogeneous echogenicity 
as necrosis occurs. Scrotal skin thickening also may be 
apparent. On duplex and color Doppler sonography, 
torsion is suggested when there is no detectable flow to 
the testis after 1 minute of scanning time or when a 
single small, intratesticular vessel is seen in the symp- 
tomatic testis, and readily detectable, diffuse flow is 
demonstrated in the contralateral testis. Interrogation 
of the spermatic cord may reveal twisting of the vessels, 
best seen with color Doppler imaging. 


Epididymitis and Other Extratesticular Masses 


A summary of extratesticular lesions is presented in 
Table 8-1. In contrast to testicular torsion, the most 


FIGURE 8-5 Acute testicular torsion in a 15-year-old male with 
sudden onset of left testicular pain. A, Transverse gray-scale images 
through the right and left testicles reveal an enlarged left testicle with 
patchy areas of decreased echogenicity within the testicular sub- 
stance, as compared with the right. Note the small left hydrocele and 
left-sided scrotal skin thickening (asterisk). B, Color Doppler images 
at the same level reveal no detectable blood flow within the left tes- 
ticle. At surgery, the left testicle was not salvageable and orchiopexy 
was performed on the right testicle. 


TABLE 8-1 Extratesticular Lesions 
Solid 


Epididymis Epididymitis 


Tumor: rare (adenomatoid tumor) 


common acute scrotal process in the postpubertal age 
group is acute epididymitis. In this age group acute 
epididymitis is nine times as common as torsion. The 
patients may have acute or subacute pain and they may 
complain of fever and dysuria. On physical examina- 
tion, there is scrotal erythema, and pyuria is present in 
more than 90% of patients. Epididymitis is thought to 
be caused by the descending spread of infection from 
the urethra or prostate through the vas deferens. 

The cardinal sonographic sign of epididymitis is epi- 
didymal enlargement (Box 8-4). In most patients the 
epididymis is of uniformly low echogenicity, but rarely 
it can be heterogeneous or of uniformly higher echo- 
genicity (Fig. 8-6). Thickening of the scrotal skin or 
presence of a reactive hydrocele, or both may be seen. 
A complex fluid collection around the testicle may indi- 
cate complication by pyocele, and inhomogeneous 
echogenicity or a focal hypoechoic area in the testicle 
may indicate the presence of orchitis (which compli- 
cates epididymitis in approximately 20% of patients), 
or testicular ischemia. The chronically inflamed epi- 
didymis is often enlarged and may be hyperechoic. 
Color Doppler sonography has been used to diagnose 
acute epididymitis when the epididymis is not enlarged. 
The normal epididymis demonstrates minimal detect- 
able flow, even at the lowest possible flow settings. 
Hyperemia associated with epididymal inflammation is 
suggested when there is hypervascularity; that is, an 
increase in the absolute number or concentration of 
vessels (Fig. 8-6B). In as many as 20% of patients, epi- 
didymitis may present as hyperemia on color Doppler 
imaging, with an otherwise normal gray-scale appear- 
ance. Hypervascularity may be focal, sparing the epi- 
didymal head or tail, in as many as 25% of patients. 

Several rare tumors may present as a solid extrates- 
ticular mass. The most common tumor of the epididy- 
mis is the adenomatoid tumor, a benign hamartoma 
often found in the epididymal tail. These tumors can 
be 5 to 50 mm in size and are isoechoic or hyperechoic 
compared with the testicle (Fig. 8-7). Leiomyoma is the 
second most common tumor of the epididymis. Papil- 
lary cystadenoma, another benign tumor, is interesting 
because of its strong association with von Hippel-Lindau 


BOX 8-4 Epididymitis: Ultrasonography 


Enlarged and hypoechoic epididymis 
Hydrocele or pyocele 

Scrotal skin thickening 

Increased color flow 

With or without testicular infarct or orchitis 


Cystic 


Epididymal cyst 
Spermatocele 


Hernia 
Tumor: rare (mesothelioma) 


Tunica vaginalis 


Hydrocele (simple or complex) 


Spermatic cord 


Tumor: benign (lipoma) and malignant (rhabdomyosarcoma, liposarcoma, rare) 


Varicocele 
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RT TEST LONG LAT] 


RT EPID LONG 


Sonographic findings of acute epididymitis in a 27-year- 
old man with a 3-day history of right testicular pain. A, Longitudinal 
Sray-scale image through the lateral aspect of the right testicle (T) 
shows diffuse enlargement of the epididymis. B, Longitudinal color 
Doppler image at approximately the same level shows diffusely 
increased vascular flow to the epididymis as a result of generalized 
inflammatory involvement. The sonographic appearance returned to 
normal after appropriate antibiotic treatment. 


LONG LT EPI 


Adenomatoid tumor of the epididymal head in a 
38-year-old man. A longitudinal gray-scale ultrasound image through 
the upper aspect of the left testicle (T) reveals compression of the 
normal epididymal tissue (arrow) by a well-circumscribed, solid 
tumor in the epididymal head that measured 18 mm in diameter. The 
nodule was detected during a physical examination and proven to be 
an adenomatoid tumor, the most common solid tumor of the epididy- 
mis, at pathology. 


TESTIS 


Spermatic cord lipoma. A, Longitudinal gray-scale 
ultrasound image through the upper left testicle and spermatic cord, 
obtained for evaluation of left inguinal swelling, reveals a solid, hyper- 
echoic mass (M) within the spermatic cord, extending into the upper 
scrotum. B, Enhanced axial computed tomography image through the 
upper thighs and scrotum confirms the fatty nature of the mass 
(arrow), consistent with a spermatic cord lipoma, the most common 
extratesticular scrotal neoplasm. 


disease (vHL). Two thirds of men with this tumor 
have vHL, and the presence of bilateral epididymal 
papillary cystadenomas is virtually pathognomonic for 
the disease. Benign mesothelioma, which originates 
from the tunica vaginalis, may present as a small, 
hyperechoic paratesticular mass associated with a large 
hydrocele. Primary tumors of spermatic cord may 
present in the scrotum. A lipoma is the most common 
benign tumor of the spermatic cord (Fig. 8-8) and 
embryonal rhabdomyosarcoma, although rare, is the 
most common malignant spermatic cord sarcoma in 
boys and young men. 

Epididymal cyst, spermatocele, simple and complex 
hydrocele, and varicocele are among the more common 
fluid-filled, extratesticular masses. Epididymal cyst and 
spermatocele are small, hypoechoic lesions that are 
common, resulting from dilatation of the epididymal 
tubules. The appearance of these lesions is similar at 
sonography, but epididymal cysts contain simple fluid, 
whereas spermatoceles contain spermatozoa and may 
show more complex internal contents (Fig. 8-9). These 
lesions may occur anywhere along the length of the 
epididymis, but spermatoceles typically occur in the 
epididymal head. Spermatoceles may develop as a 
result of prior infection or trauma. Development of both 
lesions has also been associated with performance of 
vasectomy. A hydrocele is the accumulation of fluid 
between the visceral and parietal layers of the tunica 
vaginalis, and it is the most common cause of painless 
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RT TEST TRANS MID 


LT Test-long, lat 


Epididymal cysts and spermatocele on scans obtained 
for evaluation of a palpable abnormality on a scrotal examination. 
A, Transverse gray-scale ultrasound image through the mid right 
testicle reveals two, 3-mm diameter anechoic lesions in the body of 
the epididymis (arrows), which show augmented through transmis- 
sion and no internal contents. Findings are typical of small epididy- 
mal cysts. B, Longitudinal gray-scale ultrasound image through the 
lateral left testicle (T) in a different patient shows a larger cystic 
lesion (12-mm diameter) in the head of the epididymis. There is 
augmented through transmission, but the wall is thicker and there 
are some internal echoes implying more complex contents (sperma- 
tozoa). The appearance is consistent with a spermatocele. 


BOX 8-5 Varicocele 


Dilated pampiniform plexus resulting from spermatic vein 
valve incompetence 
Left side in 95% 
Most common manageable cause of male infertility 
Compressible, tortuous vessels, > 2 mm in diameter 
Distended in standing position or with Valsalva maneuver 
Atypical varicocele because of venous obstruction 
Older patient 
New onset 
Right side 
No change in size with provocative maneuvers 


scrotal swelling (Fig. 8-10). A simple hydrocele may 
occur in isolation or as a reaction to epididymitis or 
orchitis, torsion, trauma, tumor, or a variety of other 
nonspecific causes. Complex hydroceles may result 
from pyocele or hematocele (Fig. 8-11). A varicocele is 
the abnormal dilatation and tortuosity of veins in 
pampiniform plexus (Box 8-5). When there are in- 
competent valves of the rera] testicular vein, the 


RT Tran 


Simple right hydrocele as cause of chronic scrotal 
swelling. Transverse (A) and longitudinal (B) gray-scale ultrasound 
images of the right hemiscrotum reveal a sizeable, simple-appearing 
fluid collection that compresses the testicle (T) against the right 
scrotal wall. Note the small hyperechoic structure located depend- 
ently in the fluid below the testicle (arrow in B), consistent with a 
small scrotolith (also called scrotal pearl). The scrotolith may result 
from torsion of the appendix testis or appendix epididymis, or separa- 
tion of inflammatory deposits from the tunica vaginalis. 


varicocele is a compressible, dynamic tangle of vessels 
with individual vessels measuring more than 2 mm in 
diameter (Fig 12). A standing position or Valsalva 
maneuver can provoke venous distention. Rarely, a 
varicocele may form when the testicular vein is 
obstructed, for instance, by a tumor or thrombus in the 
left renal vein from a renal cell carcinoma or venous 
occlusion by other retroperitoneal neoplastic processes. 
These varicoceles may not be compressible or changed 
by provocative maneuvers. Varicocele occurs in 15% of 
the population, and more than 95% are on the left side. 
Some evidence indicates that varicoceles cause a pro- 
gressive decline in semen quality and may reduce fertil- 
ity. Because varicoceles are treatable, they should be 
investigated aggressively in men who are infertile. 
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RT Test-long 


Scrotal hematocele following an altercation. A longi- 
tudinal gray-scale ultrasound image through the right hemiscrotum 
shows displacement of the right testicle (T) anteriorly, by a complex, 
predominantly hypoechoic collection consistent with a hematoma. 
The patient had been kicked in the scrotum during the fight, prompt- 
ing the examination to exclude testicular injury. 


Orchitis and Testicular and Scrotal Abscess 


Parenchymal infection of the testicle usually occurs 
with bacterial epididymitis, but it may occur as a 
primary infectious process if it results from mumps 
infection, for example. Orchitis is the most common 
complication of mumps infection; it occurs in as many 
as 25% of postpubertal male patients with mumps. In 
two thirds of patients, it is unilateral, and usually devel- 
ops within 7 to 10 days after the onset of parotitis. 
Although the mumps virus is responsible in most cases, 
echovirus, group B arboviruses, and lymphocytic cho- 
riomeningitis virus have also been reported to cause 
primary infection. 

Sonographically, there is diffuse enlargement of 
the testicle (Box 8-6). The echogenicity of the testicle 
may be homogeneous or diffusely inhomogeneous and 
usually somewhat hypoechoic, but it can be normal. 
Color Doppler sonography may demonstrate an increase 
in the number of visible vessels per unit area of the 
testicle, especially when compared with the asymptom- 
atic opposite testicle. Coexistent abnormality of the 
epididymis or scrotal skin may be seen in 40% of 
patients. When orchitis is a focal process, it can be 


Left scrotal varicocele at ultrasound. A and B, Transverse gray-scale ultrasound images at the inferior 
aspect of the left testicle (T) show a serpiginous tangle of vessels at the lower aspect of the testicle (arrows). Individual 
vessels in this group measured up to 4 mm in transverse diameter (normal < 2 mm). C, Color Doppler image during 
Valsalva maneuver at the same location as B shows enlargement and reversal of flow in some vessels, consistent with 
a varicocele. This study was performed in the workup of infertility in this patient. 
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LT Test-long 


Orchitis with associated pyocele. Longitudinal gray- 
scale ultrasound image in a patient with left scrotal pain and fever 
reveals an enlarged left testicle with a poorly defined area of decreased 
echogenicity in the upper aspect of the testicle (arrows) secondary 
to acute orchitis. In isolation, this appearance could be confused for 
a testicular neoplasm. Clinical context along with the presence of 
complex fluid surrounding the testicle (asterisks), indicative of the 
presence of a pyocele, helps in making the correct diagnosis. Never- 
theless, a repeat examination after appropriate treatment may be 
warranted to assure resolution of the process. 


BOX 8-6 Orchitis and Testicular Abscess: 
Ultrasonography 


Enlarged and diffusely hypoechoic testicle, or focal hypoechoic 
area that does not distort the contour 

Possible association with scrotal edema or epididymitis 

Increased blood flow 

Abscess: discrete complex collection with or without gas 


difficult to distinguish from testicular cancer (Fig. 8-13). 
Unlike cancer, focal orchitis typically does not distort 
the otherwise smooth contour of the testicle. Color 
Doppler ultrasonography may not be helpful in distin- 
guishing orchitis from cancer because hypervascularity, 
compared with normal testicular tissue, can be observed 
in both diseases, particularly when the focal mass is 
larger than 1.6 cm. With resolution of the inflammatory 
process, the testis may return to normal size or may 
atrophy. Atrophy usually is detectable within 6 months 
after the orchitis subsides. Unilateral atrophy develops 
in approximately one third of patients with mumps 
orchitis, and bilateral atrophy occurs in 10% of patients. 
A testicular abscess may present as a discrete intrates- 
ticular collection of fluid, which typically is complex. 
In addition, there may be evidence of intrascrotal gas, 
which appears as a highly reflective interface with dirty 
acoustic shadowing. A testicular or scrotal inflamma- 
tory process may become further complicated by a 
potentially life-threatening, necrotizing infection of the 
perineum known as Fournier gangrene. These patients 
may have a history of diabetes mellitus or immunocom- 
promising conditions. The process may be heralded at 
imaging by detection of gas within the soft tissues (Fig 
8-14). Fournier gangrene is potentially life threatening 
and is considered to be a urologic emergency, requiring 
aggressive intervention with surgical debridement and 
antibiotic therapy. 


Fournier gangrene of the scrotum and perineum. 
A, Transverse gray-scale ultrasound image of the right hemiscrotum 
shows multiple echogenic areas within the scrotal soft tissues. A 
linear area of increased echogenicity (arrow) above the testicle (T) 
produces dirty shadowing, which obscures the testicle beneath it. 
Note the small reactive hydrocele (asterisk). B, Enhanced axial com- 
puted tomography image through the lower thighs and upper scrotal 
region shows to better advantage the extent of the soft-tissue gas 
(arrows). Fournier gangrene is a urologic emergency, and is treated 
with wide surgical debridement of involved tissues coupled with anti- 
biotic therapy. 


A complex intratesticular, infectious, or inflamma- 
tory process should not be confused with tubular ectasia 
of the rete testis, which may appear as a multicystic 
intratesticular lesion, but has a characteristic location 
near the mediastinum testis and is without increased 
flow on color Doppler imaging. This benign process 
is thought to result from obstruction in the epididymis 
or efferent ductules, and may be present bilaterally 


Big. 2.15 
(Fig. 8-15). 


Malignant Testicular Neoplasm 


Testicular carcinoma is the most common nonhemato- 
logic malignancy to afflict the male population in the 
15- to 49-year age range. It classically presents as a 
painless scrotal mass, although approximately 10% of 
patients have some discomfort prompting evaluation. 
Testicular neoplasm should be considered in any male 
patient of appropriate age who presents with a retro- 
peritoneal, mediastinal, or pulmonary parenchymal 
mass, as 20% of patients will have metastatic disease 
at the time of diagnosis. Risk factors for testicular 
carcinoma are cryptorchidism, prior testicular tumor, 
positive family history, and infertility and intersex 
syndromes. 

Primary neoplasms of the testicle can be classified 
as germ-cell and stromal tumors (Box 8-7). Germ-cell 
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BOX 8-7 Testicular Cancer 


Risk factors: eryptorchidism, prior testicular tumor, positive 
family history, infertility, intersex syndromes 
Germ-cell tumors (95%) 
Seminoma—no tumor marker, radiosensitive 
Mixed—teratocarcinoma most common 
Nonseminomatous germ-cell tumor—more aggressive than 
seminoma 
e Embryonal carcinoma—positive alpha-fetoprotein and 
human chorionic gonadotropin 
e Yolk sac carcinoma—positive alpha-fetoprotein 
e Choriocarcinoma—positive human chorionic 
gonadotropin 
e Teratoma—positive alpha-fetoprotein 
Non-germ cell and stromal tumors 
Leydig cell—androgen production 
Sertoli cell—estrogen production 
Metastases 
Lymphoma—most common in older men, bilateral 
Leukemia 
Prostate and lung 


RT Long; lat 


FIGURE 8-15 Tubular ectasia of the rete testis. Transverse (A) and 
longitudinal (B) gray-scale ultrasound images of the right testicle 
show a hypoechoic, multicystic mass located in the mediastinum of 
the testis. The longitudinal view shows to better advantage the tubular 
nature of many of the individual cysts. Rete testis dilatation is a 
benign condition, which is often bilateral. 


tumors are found in approximately 95% of patients 
with primary testicular carcinoma. Germ-cell tumors 
are subdivided between seminoma and nonsemino- 
matous tumors, with each tumor type accounting for 
about half of the tumors encountered. Nonseminoma- 
tous germ-cell tumors (NSGCTs) include embryonal 
cell carcinoma and teratoma and the less common 


BOX 8-8 Testicular Cancer: Ultrasonography 


Predominantly hypoechoic mass is typical of seminoma 

Differential diagnosis: orchitis, abscess, hematoma, contu- 
sion, focal infarct 

Bulges tunica albuginea 

Hyperechoic foci or cysts in mixed histology and nonsemino- 
matous germ-cell tumor 

Echogenic scar or calcification: burned out tumor 

Diffusely hypoechoic testicle 
Differential diagnosis: ischemia or infarct; orchitis 


choriocarcinoma and yolk sac carcinoma. Seminoma is 
the most common pure cell tumor type, but the most 
common tumor overall is a mixed germ-cell tumor that 
contains multiple cell types. Serum alpha-fetoprotein 
concentrations are increased in 60% of patients with 
testicular cancer, including mixed tumors, embryonal 
cell carcinoma, and yolk sac carcinoma. Human chori- 
onic gonadotropin (hCG) levels are elevated in 50% 
of patients with testicular carcinoma, including pure 
seminoma, embryonal carcinoma, and choriocarci- 
noma. Lactate dehydrogenase (LDH) is produced in 
multiple organs, and it can be elevated in the presence 
of both seminoma and NSGCTs. Although nonspecific, 
LDH elevation in patients with known testicular neo- 
plasm is often an indication of bulky disease. Pure semi- 
nomas never cause an increase in alpha-fetoprotein, 
but about 10% have some elevation of the hCG level. 
The distinction between seminoma and NSGCT is 
important because seminomas are exquisitely radiosen- 
sitive, unlike their nonseminomatous counterparts. 
Germ-cell tumors may also arise primarily in extrago- 
nadal sites; common locations are the retroperitoneum 
and mediastinum. Stromal tumors account for only 
about 5% of primary testicular neoplasms, and most are 
benign. The two most common tumors include the 
Leydig cell tumor and the Sertoli cell tumor. Some 
Leydig cell tumors have the capacity to produce testos- 
terone, and 30% are associated with precocious viriliza- 
tion or feminization. One third of patients with Sertoli 
cell tumors present with gynecomastia resulting from 
estrogen or miillerian-inhibiting factor production. 

Secondary neoplasms also can occur in the testicle 
and often are from other genitourinary primaries. Tes- 
ticular lymphoma is the most common primary and 
secondary testicular neoplasm in men aged 60 to 80 
years. Although the testicle may be the site of disease 
at presentation, it is not usually the primary site because 
clinically occult extratesticular lymphoma is usually 
found. Because the blood-gonad barrier prevents sys- 
temic chemotherapy from reaching the lymphoma, the 
testis is a sanctuary site for acute leukemia in children 
and a source for disease relapse. Rarely, lung carcinoma 
or melanoma may metastasize to the testes. 

Although many testicular neoplasms are palpable, 
sonography may be necessary when clinical suspicion 
is high, despite a normal physical examination, or 
if an adequate testicular evaluation is not possible 
because of tenderness or presence of a hydrocele (Box 
8-8). Serotal ultrasonography may also be performed 
in patients who present with extragonadal germ-cell 
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RT Test-tran 


Ultrasound of right testicular seminoma in a 39-year- 
old man. Longitudinal gray-scale image (A) and a color Doppler image 
(B) at the same level reveal two, sharply demarcated hypoechoic 
lesions in the medial right testicle. Note the lack of augmented 
through transmission and presence of internal vascular flow (arrows 
in B), indicating the solid nature of these lesions. Pure seminoma was 
diagnosed on pathologic examination. 


tumors to exclude a primary testicular source. Semi- 
noma presents as an area of uniformly decreased echo- 
genicity, which usually is focal but may be multifocal 
or diffuse. If focal and peripheral, it may cause the 
tunica albuginea to bulge. The interface between tumor 
and normal testicular parenchyma is usually sharp (Fig. 
8-16). Occasionally, diffuse tumor infiltration can lead 
to a generalized hypoechoic appearance, which may be 
apparent only by comparison with the contralateral 
testicle. Lymphoma or metastatic disease is usually 
seen as a focal hypoechoic mass that is indistinguish- 
able from seminoma (Fig. 8-17). By contrast, mixed 
histology and NSGCT (particularly embryonal cell car- 
cinoma) can be more heterogeneous in echogenicity 
because of cystic areas or hyperechoic foci (Fig. 8-18). 
The margin of NSGCTs is often less distinct, and the 
testicular contour can be lobulated. Investigation of 
testicular neoplasms with color Doppler ultrasonogra- 
phy has shown most lesions greater than 1.6 cm to be 
hypervascular (i.e., flow is increased to the tumor com- 
pared with normal parenchymal flow). By contrast, 
smaller tumors tend to be hypovascular. The cell type 
of the tumor does not correlate with sonographically 
detectable flow. 

Key sonographic findings include determining 
whether pathology is intratesticular or extratesticular, 
solitary or multiple, unilateral or bilateral, and solid or 
cystic. This information is helpful in determining the 


RT Test-long 


Testicular lymphoma in a 62-year-old man. Longitu- 
dinal gray-scale images of the right (A) and left (B) testicle show 
diffuse enlargement and architectural distortion of the right testicle, 
and a poorly demarcated, focal hypoechoic mass in the central left 
testicle. In isolation, the findings could reflect a diffuse (right) or focal 
(left) testicular tumor. The patient’s age and bilateral nature of the 
findings argue against a primary germ-cell tumor as the cause. C, An 
enhanced axial computed tomography image through the lower pelvis 
shows bilateral, enlarged inguinal nodes (arrows). This is not the 
typical pattern of spread for a primary testicular tumor. Biopsy of the 
groin nodes revealed non-Hodgkin lymphoma, and the testicular find- 
ings resolved with chemotherapy. 


correct diagnosis because solid, solitary intratesticular 
lesions are usually neoplasms, whereas most lesions 
that are cystic or extratesticular, and those that are 
bilateral or multifocal, are usually benign. The differen- 
tial diagnosis for a focal intratesticular mass includes 
orchitis, hematoma, and abscess. A diffuse testicular 
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LT Test-tran 


Ultrasound of a nonseminomatous germ-cell tumor in 
a 17-year-old man with a palpable scrotal abnormality. Transverse 
(A) and longitudinal (B) gray-scale ultrasound images of the left 
testicle reveal a poorly defined, lobulated intratesticular mass with 
heterogeneous-appearing solid elements and associated cystic areas 
(asterisks in A and B). C, A color Doppler image at the same level 
as B shows abnormal flow around and within the tumor. Pathologic 
examination of the testicle revealed a mixed, nonseminomatous 
tumor with embryonal carcinoma as the dominant component. 


lesion may be caused by orchitis or infarction and by 
diffuse neoplasm. Occasionally, distinguishing testicu- 
lar carcinoma from testicular inflammation may be dif- 
ficult. Extratesticular findings that may accompany 
inflammatory processes should be sought, and these 
include enlargement of the epididymis, scrotal skin 
thickening, and simple or complex hydrocele. These 
findings are not associated with testicular neoplasms, 
although small hydroceles may be present in approxi- 
mately 10% of tumors. 


Testicular Calcifications and Microlithiasis 


Calcifications in the testes are occasionally identified 
on scrotal sonograms and have been associated with 
a variety of diseases. Discrete, larger echogenic foci (3 
to 9mm) can be seen with some testicular tumors, 
including teratocarcinoma, seminoma, embryonal cell 
carcinoma, and Sertoli cell or Leydig cell tumors. Tes- 
ticular teratoma is often associated with large, irregular 
calcifications and mixed cystic and solid areas on sono- 
grams. Treated testicular tumors or burned out neo- 
plasms may appear as linear echogenic scars or larger 
(>3 mm) coarse calcifications (Fig. 8-19). Resolved 
infection, old hematomas, or small infarcts may also 
result in calcifications, scarring, and contour abnor- 
malities. Testicular microlithiasis is the identification 
at imaging of foci of degenerative calcification in the 
lumen of seminiferous tubules. These foci measure 1 
to 2 mm, and although echogenic, they often do not 
shadow. High-resolution ultrasound imaging of the 
scrotum has led to an increase in the recognition of this 
process. An incidence of microlithiasis greater than 5% 
has been reported in otherwise healthy young men, 
with an even higher incidence in patients presenting 
with scrotal symptoms. Microlithiasis is sometimes 
classified as limited (<5 foci per imaging field) or classic 
(>5 foci per imaging field). Classic microlithiasis may 
be bilateral and is often symmetric (Fig. 8-20). Testicu- 
lar microlithiasis has been associated with a number of 
conditions, including cryptorchid or atrophic testes, 
alveolar microlithiasis, Klinefelter syndrome, Down 
syndrome, male pseudohermaphroditism, and other 
causes of infertility. The clinical significance of this 
finding is its reported association with testicular cancer 
(Fig. 8-21). Although it is not clear whether the pres- 
ence of microlithiasis is a cause of the associated cancer 
or the result of another premalignant condition such 
as intraepithelial germ-cell neoplasm, the patient 
should be made aware of the condition’s presence 
and instructed in the performance of regular self- 
examination. Scrotal ultrasound should be performed 
with any change in physical examination or develop- 
ment of symptoms. Periodic surveillance ultrasound 
examination may be considered in patients with tes- 
ticular microlithiasis and known risk factors for testicu- 
lar neoplasm. 


m= STAGING OF TESTICULAR CARCINOMA 


Primary testicular carcinoma may metastasize by a 
lymphogenous route or a hematogenous route, or both 
(Box 8-9). Hematogenous dissemination to the lung, 
liver, brain, or bones typically does not occur until 
after there has been lymphatic spread. The lymphatic 
drainage of the testes follows the course of the testicular 
or internal spermatic vein. The sentinel lymph node 
group of a left testicular neoplasm is the left renal peri- 
hilar group, located immediately caudal to the left renal 
vein (see Fig. 8-19). A right testicular neoplasm first 
metastasizes to the paracaval lymph node group at the 
level of or slightly inferior to the renal vein. Drainage 
from the right testicle can crossover to the left side of 
the retroperitoneum, but interestingly, left to right 
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FIGURE 8-19 Metastatic retroperitoneal adenopathy from burned 
out testicular neoplasm. A, Enhanced axial computed tomography 
image at the level of the mid kidneys, obtained to evaluate abdominal 
discomfort in this 37-year-old man, reveals a large heterogeneous 
mass in the region of the left renal hilum, displacing the left renal 
vein anteriorly (arrow). A longitudinal gray-scale ultrasound image 
(B) and an image using color Doppler at the same location (C), 
obtained due to concern for the testicle as the primary neoplastic 
source, reveal a 4-mm linear calcification with posterior acoustic 
shadowing located centrally within the testicle (arrowhead in B and 
C). Biopsy of the retroperitoneal mass revealed seminoma. The cal- 
cification was the only remnant of the regressed, primary testicular 
tumor. Note the presence of the left-sided varicocele, which was new 
according to the patient, resulting from obstruction of the left gonadal 
vein by the metastatic adenopathy. 


FIGURE 8-20 Ultrasound of classic testicular microlithiasis. A 
transverse gray-scale ultrasound image through the mid scrotum 
shows numerous, tiny nonshadowing echogenic foci distributed dif- 
fusely within the parenchyma of both testicles. The presence of more 
than five of these foci in an imaging field meets the definition of 
classic testicular microlithiasis. 


RT Test-long 


FIGURE 8-21 Nonseminomatous, mixed germ-cell tumor with back- 
ground of classic testicular microlithiasis in a 20-year-old man. Lon- 
Situdinal gray-scale ultrasound images of the right (A) and left (B) 
testicles reveal numerous, tiny nonshadowing echogenic foci within 
the parenchyma of both testicles. In the lower aspect of the left tes- 
ticle, there is an ill-defined, heterogeneous mass containing cystic 
areas and several microliths. This tumor contained mostly teratoma- 
tous elements with smaller areas of yolk sac and embryonal cell types. 


BOX 8-9 Staging of Testicular Carcinoma 


Approximately 3% to 5% have extragonadal origin (mediasti- 
num, retroperitoneum, sacrococcygeal, pineal) 

Metastases at presentation: 15% seminoma; 33% nonsemino- 
matous germ-cell tumor 

Sentinel nodes: left renal perihilar and right paracaval renal 
hilar groups 

Tumor invading epididymis drains to internal iliac nodes 

Tumor invading scrotum drains to inguinal nodes 

Hematogenous metastases to lungs and liver 
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BOX 8-10 Staging System of Testicular Carcinoma 


STAGE I 
Tumor confined to the testis 


STAGE II 


A—Minimal nodal metastases (usually based on radiologic 
studies) and limited to the infradiaphragmatic stations 
B—Bulky retroperitoneal nodal metastases 


STAGE III 
Tumor involving lymphatics above the diaphragm 


STAGE IV 


Extranodal metastases (pulmonary, hepatic, osseous, or 
central nervous system) 


crossover is rare. After these initial lymph node stations 
are involved, the paralumbar nodes inferior to the renal 
hilum or thoracic sites are affected. Local tumor exten- 
sion into the epididymis or scrotal skin changes the 
potential lymphatic drainage of the testicular neoplasm. 
If the epididymis is involved, drainage to the external 
iliac node chain may occur, and scrotal involvement 
may lead to inguinal adenopathy. Abdominal lymphat- 
ics drain into the thoracic duct and then into the left 
brachiocephalic vein. Tumors that spread by this route 
may involve the lungs, mediastinum, or supraclavicular 
lymph nodes. A notable exception to the primary lym- 
phatic spread of testicular cancers is choriocarcinoma, 
which is prone to hematogenous metastases. 

Computed tomography (CT) is the conventional 
method of staging disease in the abdomen and thorax. 
A tumor, node, metastasis classification is available but 
patients are more practically classified as having low- 
stage or advanced stage disease (Box 8-10). In the eval- 
uation of extratesticular disease, abdominal CT has a 
sensitivity of 70% and a specificity of approximately 
70% with nodes 8 mm or larger considered suspicious 
for tumor involvement. Magnetic resonance imaging 
(MRI) has similar sensitivity and specificity and can be 
used as an imaging alternative. 


== TRAUMATIC INJURY TO 
THE SCROTUM 


Serotal trauma is the third most common cause of 
scrotal pain after epididymo-orchitis and torsion. 
Violent, blunt scrotal trauma may cause testicular 
rupture after a minor traumatic episode. Pain, nausea, 
and vomiting may occur. On physical examination, 
extreme tenderness, scrotal ecchymosis, and swelling 
are frequent findings. It is important to remember that 
an associated neoplasm can be a cause of testicular 
rupture after rather a minor trauma. Early surgical 
exploration and repair of testicular injuries have 
reduced morbidity and the need for subsequent orchi- 
ectomy. If the tunica albuginea of the testicle has been 
violated, devitalized seminiferous tubules will be 
extruded into the potential space between the tunica 
albuginea and tunica vaginalis, and surgical debride- 
ment is indicated. In addition to suspected rupture, the 


BOX 8-11  Scrotal Trauma: Ultrasonography 


Multifocal linear hypoechoic areas 

Irregular testicular contour 

Complex hydrocele or extratesticular mass caused by 
hematoma 

May need to use lower frequency transducer 

Consider an underlying tumor 


FIGURE 8-22 Testicular rupture. A longitudinal image of the right 
testicle, obtained in this male patient after a bar fight, reveals disrup- 
tion of the echogenic tunica albuginea along the superior surface of 
the testicle (arrows). The lower aspect of the testicle is intact (T). 
The hypoechoic region in the upper portion of the testicle (arrow- 
heads) was proven to be a fracture with surrounding contusion at 
surgery. Note the scrotal skin thickening and echogenic material sur- 
rounding the testicle (asterisks) representing hemorrhage. 


presence of a large scrotal hematoma is an indication 
for exploration. The mass effect of a large hematoma 
can compress the ipsilateral testicle, compromising its 
blood supply (see Fig. 8-11). In addition, infection may 
follow testicular rupture. 

Scrotal ultrasonography is the imaging procedure of 
choice because it helps to determine whether signifi- 
cant testicular parenchymal disruption has occurred, 
which is essential information when deciding which 
patients require emergency surgery, and it can assess 
the size of a scrotal hematoma (Box 8-11). Further- 
more, ultrasonography can be used to exclude the more 
common causes of scrotal pain, particularly when a 
history of scrotal trauma is unclear. Ultrasonography 
correctly predicts the presence of a ruptured testis in 
nearly 100% of patients with scrotal injury. The most 
sensitive sign of testicular injury is an irregular or 
indistinct testicular contour indicating disruption or 
discontinuity of the tunica albuginea (Fig. 8-22). The 
presence of tunica albuginea disruption alone has a 
sensitivity of 50% and specificity of 75% for testicular 
injury. Focal areas of increased or decreased echo- 
genicity within the testicular substance are consistent 
with contusion or hematoma (Fig. 8-23). A focal linear 
or, more often, a complex and multifocal disruption of 
the normally homogeneous parenchymal echo pattern 
suggests the diagnosis of testicular fracture. Solid or 
semisolid collections around the disrupted testicle may 
represent hematoma and extruded parenchyma; these 
collections can be mistaken for the ruptured testicle 
itself. Testicular sonography is usually performed with 
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FIGURE 8-23 Intratesticular hematoma following a bicycle acci- 
dent. A, Transverse gray-scale ultrasound image through the mid 
right testicle shows a poorly defined hypoechoic area in the posterior 
aspect of the testicle with intact tunica albuginea. B, Transverse 
image at approximately the same level as A with application of color 
Doppler imaging shows no internal vascular flow in this area. Although 
the appearance may mimic an intratesticular neoplasm, clinical 
context and absence of internal flow favor a hematoma. Serial ultra- 
sound examinations in this patient showed interval resolution. 


a high-frequency transducer, which maximizes spatial 
resolution. If the scrotum is enlarged because of the 
presence of a hematoma, the most common finding in 
the scrotum after blunt injury, a lower frequency trans- 
ducer that provides increased depth of field may be 
necessary to survey the scrotum for a displaced or 
compressed testicle. 


== UNDESCENDED TESTICLE 
(CRYPTORCHIDISM) 


Cryptorchidism refers to the condition in which the 
testicle is not normally positioned in the scrotum 
(Box 8-12). Because the testicle originates in the 
abdominal cavity of the embryo, a cryptorchid testis 
can be found anywhere along the normal path of tes- 
ticular descent from the level of the inferior pole of the 
kidney to the upper scrotum. Based on location and in 
decreasing order of incidence, the following four types 
of cryptorchid testis are recognized: retractile, cana- 
licular, abdominal, and ectopic. The retractile testis 
moves intermittently between the base of the scrotum 
and the groin and can be observed in up to 80% of 


FIGURE 8-24 Abdominal testicle with inguinal hernia in a 30-year- 
old man. A, Enhanced axial computed tomography (CT) image 
through the lower pelvis, performed for evaluation of a left inguinal 
bulge, reveals an inguinal hernia containing mesenteric fat (arrow- 
head) as the cause of the bulge. The scrotal examination was con- 
founded by the presence of the hernia. B, Enhanced axial CT image 
slightly higher in the pelvis reveals the left testicle above the internal 
inguinal ring (arrow), medial to the external iliac vessels. 


BOX 8-12 Undescended Testicle 


Types: retractile, canalicular, abdominal, ectopic 
Complications: infertility, neoplasia, torsion, trauma 
Higher cancer risk in contralateral testicle 
Sonography 
Proximal to inguinal ring 
Testis may be small or diffusely hypoechoic 
Computed tomography or magnetic resonance imaging if 
ultrasonography results are negative 


patients aged 6 months to 11 years. Retraction, the 
result of spontaneous or reflexive cremasteric muscle 
contraction, occurs less commonly after puberty. The 
canalicular testis is located between the internal and 
external inguinal rings. A majority of abdominal testes 
are found immediately proximal to the internal inguinal 
ring (Fig. 8-24). The rarest type of malpositioned 
testicle is ectopic eryptorchidism, in which the testicle 
is found away from the normal pathway of descent. 
The most common ectopic site is the superficial 
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inguinal pouch, but other described locations include 
the femoral canal, the suprapubic region, the perineum, 
and the opposite hemiscrotum (transverse ectopia). 
Nonpalpable testes are absent in a significant percent- 
age of patients (15%), a distinction which is important 
because of the complications associated with the crypt- 
orchid testis in the adult. 

Infertility, neoplasia, torsion, and trauma are the 
major reported complications of cryptorchidism. Irre- 
versible histologic changes occur in the ecryptorchid 
testicle by the age of 2¥, and are believed to contribute 
to associated complications of infertility and neoplasia. 
Testicular maldescent impairs spermatogenesis. Even 
in unilateral cryptorchidism, a defect in the spermato- 
genesis of the contralateral scrotal testicle may be 
present because, after surgical correction of cryptor- 
chidism, the mean fertility rate is only 60%. About one 
third of undescended testes also have anomalies of 
wolffian duct-derived structures that may have an 
impact on fertility. This anomaly may be a seminal 
vesicle cyst, insertion of an ectopic ureter into the vas 
deferens or seminal vesicle, and agenesis of the epididy- 
mis, seminal vesicle, or vas deferens. An estimated 10% 
of all testicular cancers occur in patients with a history 
of eryptorchidism, and there is a 40-fold increase in the 
risk of developing cancer in an undescended testicle. 
This risk is present only if the undescended testis is left 
unmanaged after the age of 5; therefore surgical correc- 
tion is recommended around the age of 2. The most 
common histologic types of cancer that occur in the 
cryptorchid testicle are seminoma, followed by embryo- 
nal cell carcinoma (Fig. 8-25). An abdominal testis is 
four times as likely to undergo malignant degeneration 
as is an inguinal testis; interestingly, in patients with 
a unilateral undescended testis, 15% of testicular 
cancers occur in the contralateral, normally descended 
testis. 

A testicle high in the scrotum or within the inguinal 
canal can usually be detected by a clinical examination. 
Sonography may be used to confirm the presence of the 
undescended testis after an equivocal or difficult exami- 
nation, when it is located at or caudal to the inguinal 
ligament. The cryptorchid testicle is frequently small 
and may be difficult to distinguish from an inguinal 
lymph node, and therefore identification of the medi- 
astinum is important for confirmation. Because about 
a quarter of undescended testes are nonpalpable, local- 
ization is the main objective of presurgical imaging. 
Location of an intra-abdominal testicle may be prob- 
lematic with any imaging modality. Given the charac- 
teristic appearance of the normal testicle on T2-weighted 
images, MRI is an attractive method for locating the 
juxta-inguinal testis, and because it does not subject 
the young patient to ionizing radiation, it has largely 
replaced CT imaging. However, experience with MRI for 
this purpose is limited. Gonadal phlebography relies on 
the identification of the pampiniform plexus for local- 
ization of the cryptorchid testicle, but it is technically 
challenging, particularly in children aged less than 12 
months. Laparoscopy, with direct visualization of the 
gonadal vasculature, has now been added to the tools 
available for testicular location, especially when an 
intra-abdominal position is suspected. 


FIGURE 8-25 Seminoma in an abdominal testicle with metastatic 
lymphadenopathy in a 46-year-old man. A, Enhanced axial computed 
tomography image through the lower abdomen, obtained for a several 
week history of pelvic discomfort, reveals a large heterogeneous lower 
abdominal mass (arrows) with central necrosis. B, Coronal recon- 
structed image shows the lower abdominal mass (arrows) and lymph 
node masses (L) along the course of the left testicular vein in the 
retroperitoneum. Biopsy of the pelvic mass revealed seminoma. The 
patient was aware that he had an undescended left testicle. 


== PROSTATE NODULE OR ENLARGEMENT 
Carcinoma of the Prostate 


Cancer of the prostate is the most common noncutane- 
ous malignancy to afflict men, and it is the second most 
common cause of cancer-related death in the male 
population in the United States. A paradox exists 
between the presence of the disease and the potential 
mortality from it. At autopsy, 20% to 50% of asymptom- 
atic men will be found to harbor prostate cancer, and 
while it is estimated that one of every six men will be 
diagnosed with prostate cancer during their lives, only 
about one in 36 men are expected to die because of it. 

Pathologists have recognized the importance of 
tumor differentiation, DNA content, and primary tumor 
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size as factors for predicting the clinical behavior of 
prostatic adenocarcinoma. Histopathologic differentia- 
tion is graded according to the Gleason system. Pathol- 
ogists recognize five different malignant glandular 
patterns of prostatic adenocarcinoma and have desig- 
nated these patterns as Gleason grades 1 to 5. Grade 1 
is a malignant glandular pattern that is well differenti- 
ated, and grade 5 is the most poorly differentiated 
pattern of adenocarcinoma. Prostate cancer of grades 1 
through 3 rarely involve the regional lymph nodes, 
whereas grades 4 and 5 have the potential for lymphatic 
spread. Because it is not uncommon for more than one 
histopathologic pattern to be present in any single 
tissue specimen, the grades of the two predominant 
glandular patterns are summed to yield the Gleason 
score: tumors are considered to be well differentiated 
if they have a Gleason score of 2 to 4, moderately dif- 
ferentiated with a score of 5 to 7, and poorly differenti- 
ated with a score of 8 to 10. In addition, pathologists 
have identified a relationship between tumor size and 
clinical aggressiveness, which is an observation of 
potential importance for imaging. Tumors with a volume 
1.5 em’ or less (1.3 to 1.4 em mean diameter) tend to 
be associated with local and distant metastases less 
often than larger primary tumors. Seminal vesicle inva- 
sion is more likely to occur after a primary tumor 
reaches a volume of 2.5 to 3.5 em? (1.7 to 1.9 cm mean 
diameter), and lymph node or visceral metastasis 
usually does not occur until the primary lesion has 
reached a volume of 4 cm? or more (2.0 em mean diam- 
eter). It has also been noted that the histologic pattern 
becomes less differentiated with increasing primary 
tumor size; therefore as a general rule, the larger the 
primary tumor, the more aggressive its clinical behav- 
ior, and therefore the more clinically significant it is 
likely to be. 

The diagnosis and clinical staging of prostate cancer 
currently includes performance of a digital rectal exam- 
ination (DRE), a prostate-specific antigen (PSA) blood 
test, and transrectal ultrasound (TRUS) to assist with 
diagnosis and serve as a guide for biopsy of the prostate 
gland. DRE alone is inadequate because cancers tend 
to be advanced by the time they are detected with this 
method. Approximately 30% of cancers detected by 


DRE have evidence of lymph node or distant metastatic 
disease, and 35% of the remaining cancers, assumed to 
be localized, have evidence of extraprostatic spread at 
the time of surgery. Small cancers may not be palpable 
and cancers in some areas of the prostate gland may 
not be accessible to direct physical examination. The 
introduction of the PSA test in the late 1980s has had 
a significant impact on management of prostatic carci- 
noma. PSA is a kallikrein-like, serine protease glycopro- 
tein produced exclusively by epithelial cells lining the 
prostatic acini and ducts. In the seminal fluid, PSA is 
involved directly in the liquefaction of the seminal 
coagulum. A PSA value less than 4.0 ng/mL is used as 
a normal lower threshold. It should be noted that some 
cancers smaller than 1 cm’ or those that are poorly 
differentiated are not associated with elevated PSA 
levels. Consequently, up to a third of patients with 
prostate cancer will have a normal PSA value. With 
PSA levels between 4.0 and 9.9 ng/mL, approximately 
25% of patients have adenocarcinoma and this rate rises 
to 85% in men with PSA levels above 10 ng/mL. It 
should also be noted that PSA levels above normal are 
not unique to prostate cancer; the value may be ele- 
vated following prostate biopsy, in benign prostatic 
hyperplasia (BPH), with acute or chronic prostatitis, 
with prostate intraepithelial neoplasia, or as a result of 
parenchymal infarction. The PSA test is not a stand- 
alone value and should be interpreted in concert with 
the DRE, TRUS, and biopsy. 

TRUS of the prostate may be used to confirm the 
presence of prostatic carcinoma suspected by DRE or 
PSA test, but more importantly, it serves as a guide for 
prostate biopsy. The classic appearance of cancer on 
TRUS of the prostate is a round or oval hypoechoic 
lesion located in the peripheral zone (see Fig. 8-4), 
where 85% of prostate cancers are found (Fig. 8-26). 
Approximately 10% of cancers originate in the transi- 
tional zone; these are often early stage cancers that are 
discovered incidentally on histologic examination of 
tissue obtained at the time of transurethral prostatec- 
tomy. Transitional-zone cancers are particularly diffi- 
cult to detect with sonography because this zone of 
the prostate is often enlarged and heterogeneous in 
echogenicity because of coexistent BPH (Fig. 8-27). The 


FIGURE 8-26 Classic appearance of prostate cancer on transrectal sonography. Transverse (A) and sagittal 
(B) sonograms show a focal hypoechoic area (arrows) in the peripheral zone that bulges the prostatic capsule (arrows 
in A and B). Open arrow in B is the left seminal vesicle. 
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FIGURE 8-27 Large prostate cancer originating from the transi- 
tional zone. Cancer was found in chips of tissue removed at trans- 
urethral prostatectomy. Transverse sonogram demonstrates an 
exophytic hypoechoic mass (arrow) that grows anteriorly through 
the fibromuscular stroma and capsule (asterisk = prostatectomy 
defect). 


BOX 8-13 Hypoechoic Lesion in the 
Peripheral Zone 


Adenocarcinoma 

Atypical hyperplasia or intraductal dysplasia 
Chronic prostatitis 

Granulomatous prostatitis 

Focal atrophy 

Nodules of benign prostatic hyperplasia 
Prostatic cyst 


remaining 5% of prostate cancer originates in the central 
zone, the parenchymal tissue that surrounds the ejacu- 
latory ducts. Approximately one third of all prostate 
cancer is isoechoic with peripheral-zone tissue, and 
therefore it is extremely difficult to detect prostate 
cancer by ultrasonography. Isoechoic cancers may be 
suspected only when there is an abnormality in the 
otherwise regular contour of the prostate gland. Cancers 
are rarely hyperechoic, possibly due to the presence of 
calcifications within the lesion, either because the 
cancer envelops benign calcifications as it grows or 
because central comedo necrosis is associated with dys- 
trophic calcification. 

TRUS is useful for detecting cancers measuring 
10 mm or more; however, only approximately 20% of 
lesions less than 10 mm are detected with this method. 
About 40% to 50% of prostate cancer is multifocal, that 
is, two or more foci of cancer are found in the prostate 
gland during pathologic examination. These additional 
foci of cancer are frequently undetectable with ultraso- 
nography when the index cancer is found; the small size 
or infiltrative growth pattern of these secondary malig- 
nant sites may account for this difficulty. 

A well-documented problem with cancer character- 
ization by TRUS is the nonspecificity of the hypoechoic 
lesion. In addition to adenocarcinoma, other benign 
and borderline malignant entities may have a hypoechoic 
appearance at sonography (Box 8-13). Several charac- 


teristics of the hypoechoic lesion can be used to increase 
the positive predictive value for adenocarcinoma. First, 
it is important to correlate the findings on TRUS with 
those of DRE. If the hypoechoic lesion corresponds 
to a palpable abnormality, particularly asymmetric 
firmness or a discrete nodule, the likelihood of cancer 
increases. Second, the result of the PSA test also is 
valuable. Lee and associates report the positive predic- 
tive value of a hypoechoic lesion alone to be only 40%, 
but the value increases to 50% when the PSA is elevated 
and increases to 60% when associated with a palpable 
abnormality. If results of PSA and DRE are abnormal, 
the positive predictive value of a hypoechoic lesion 
increases to 70%. The size of the lesion is also impor- 
tant: the larger the hypoechoic lesion, the more likely 
it is to be malignant. Finally, the pattern of flow associ- 
ated with a nodule, as seen on color Doppler imaging, 
may represent a secondary finding to initiate biopsy of 
a lesion. Focal increased flow is associated with a high 
likelihood of carcinoma or prostatitis at histologic 
examination; however, this finding has limited sensitiv- 
ity, and the absence of flow on color Doppler sonogra- 
phy should not preclude biopsy if other signs that 
suggest malignancy are present. 

Another valuable use of TRUS is to direct biopsy of 
any detected abnormalities. Biopsy of the prostate and 
seminal vesicles is accomplished readily by this method. 
Sonographically guided biopsy is performed in the out- 
patient setting, and routine patient preparation includes 
administration of oral antibiotics (quinolone analogs) 
and an enema; oral antimicrobial therapy is usually 
continued for 24 to 72 hours after the procedure. 
Routine use of local anesthetic is unnecessary. An 
18-gauge, automated biopsy gun facilitates the painless 
acquisition of core samples with the assistance of a 
biopsy guide and TRUS transducer. Cores are typically 
obtained from six areas or sextants of the peripheral 
zone, in addition to specific targeting of any suspicious 
nodule. On average, three to five passes are made 
through a lesion of interest and lesions as small as 
5 mm are readily sampled. A single biopsy session has 
a sensitivity of 70 to 80% for cancer detection with an 
acceptably low complication rate. TRUS is also used for 
imaging guidance for placement of brachytherapy seeds 
and for focal ablative therapies. 

MRI may be used in prostate cancer detection, espe- 
cially after negative TRUS biopsy results. MRI may also 
aid in the staging of local or distant disease. Optimal 
MRI for prostate cancer is performed on a mid- to high- 
field strength magnet and requires the use of an 
endorectal coil for detailed evaluation of the prostate 
gland and a phased-array surface coil for evaluation 
of the pelvis and abdomen for detection of distant 
metastasis. 

MRI with an endorectal surface coil enables imaging 
of the prostate gland with higher resolution than is 
achievable with the body coil. Optimal technique 
includes patient in the supine position and the use of 
intramuscular glucagon (1 mg), antialiasing options, 
and surface-coil correction. Through signal filtration, 
surface-coil correction decreases the signal from tissues 
located near the endorectal coil and is not necessary if 
endorectal coil imaging is supplemented with anterior 
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Typical appearance of prostate carcinoma on 
T2-weighted magnetic resonance imaging with endorectal coil. An 
axial T2-weighted image through the prostate gland with endorectal 
coil (R) shows an area of decreased signal intensity on the right side 
of the peripheral zone (arrows) that subtly bulges the right side of 
the prostatic capsule. This was biopsy-proven adenocarcinoma of the 
prostate gland. Compare the neoplastic area on the right side of the 
peripheral zone with the signal intensity of the normal peripheral 
zone on the left side (asterisk). 


phased-array multicoils. In addition, phase and fre- 
quency orientation are switched so that phase artifacts 
are projected left-to-right rather than anterior-to- 
posterior on transaxial images. The routine prostate 
imaging protocol includes T1-weighted transaxial 
images of the prostate to assess periprostatic tumor 
extension and T2-weighted transaxial and sagittal plane 
images acquired with a fast spin-echo technique. 
Peripheral-zone cancers are best detected on T2- 
weighted images and most commonly appear as an area 
of decreased signal intensity in the peripheral zone (Fig. 
8-28). However, low-signal foci in the peripheral zone 
are not always caused by malignancy. Rarely, atypical 
BPH nodules may appear in the peripheral zone as foci 
of increased or decreased signal intensity. Microscopi- 
cally, many of these nodules contain areas of atypical 
hyperplasia or frank cancer. More commonly, focal 
hemorrhage from prostate biopsy appears as an amor- 
phous focal area of low- or high-signal intensity in 
the peripheral zone on T2-weighted images. Changes 
related to hemorrhage can persist up to 6 months 
after biopsy, and if low in signal intensity, they may 
mimic a peripheral-zone cancer. In most patients 
with intraprostatic hemorrhage, a focal area of high- 
signal intensity is seen in a corresponding area on 
T1-weighted images (Fig. 8-29). In some patients, the 
MR examination is falsely normal in the presence 
of prostate cancer. Infiltrating cancers, particularly if 
microscopic, may cause too little signal aberration 
in the peripheral zone to be detected. Mucinous 
adenocarcinoma of the prostate, which makes up 


Postbiopsy hemorrhage complicating interpretation 
of prostatic magnetic resonance imaging. A, Axial T1-weighted image 
through the prostate gland using surface-coil imaging shows a region 
of high intensity on the right side of the peripheral zone (arrowhead) 
corresponding to a reported biopsy site that was positive for adeno- 
carcinoma. B, Axial T2-weighted image at the same level shows that 
the area of high intensity on the T1-weighted image is lower in inten- 
sity (arrowhead) than the normal peripheral zone (asterisk), but not 
as low as the tumor involving the left side of the peripheral zone 
(arrow). Knowledge of prior biopsy is critical as associated hemor- 
rhage could potentially obscure, or be misdiagnosed as neoplasm. 


approximately 5% of all prostate cancer, also may escape 
detection because these tumors have increased T2- 
signal intensity with insufficient signal intensity con- 
trast with the normal peripheral zone. 
Multiparametric MRI including dynamic contrast 
enhancement (DCE), diffusion weighted (DW)-MRI, 
and MR spectroscopy offer the prospect of improved 
diagnostic sensitivity and specificity. Angiogenesis from 
prostate neoplasm, as with other tumors, results in an 
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increase in number and permeability of tumor vessels. 
DCE-MR often demonstrates early enhancement and 
early washout compared with normal parenchyma, a 
pattern highly predictive of prostate cancer. DW-MRI 
uses differences in diffusion of water molecules, which 
are more restricted in cancerous tissue, to differentiate 
normal from abnormal tissues. MR spectroscopy allows 
for the assessment of tumor presence based on the 
quantity of different metabolites in neoplastic versus 
normal tissue. Spectroscopy is aimed at determining 
the levels of citrate, creatine, and choline at sites of 
interest. Normal prostatic tissue contains a high level 
of citrate and low level of choline. In cancerous tissue, 
citrate levels are decreased and choline levels are ele- 
vated. As a result, creatine-to-citrate and choline-to- 
citrate ratios will be increased in cancerous tissues. 


Benign Prostatic Hyperplasia 


Because it is relatively unusual in men under the age 
of 40, but afflicts approximately 50% to 75% of men over 
the age of 60, BPH is considered a disease primarily of 
the senescent prostate. In addition to the major risk 
factor of age, BPH is more common in Blacks and in 
patients with diabetes or hypertension. Presenting 
symptoms and signs usually result from prostate-level 
obstruction of the urethra. Early symptoms can be 
minimal because hypertrophy of the detrusor compen- 
sates for the increase in outflow resistance. With 
increasing bladder outlet obstruction, the patient may 
complain of hesitancy, diminution in the force of the 
urinary stream, postvoid dribbling, and the sensation of 
incomplete emptying (prostatism). Irritative symptoms, 
such as frequency, urgency, and dysuria, are common 
and may result from uninhibited contractions of the 
detrusor. With increasing volumes of residual urine, 
overflow urinary incontinence and nocturia occur, and 
eventually, the manifestations of chronic urinary reten- 
tion develop. 

Pathologically, BPH is a disease of the glandular 
tissues that surround the portion of the prostatic 
urethra that extends from the bladder neck to the veru- 
montanum. The largest and most numerous nodules are 
almost always situated closer to the proximal end of the 
verumontanum and originate almost entirely within the 
transitional zone. These nodules, which are predomi- 
nantly glandular in type, develop as repeatedly branch- 
ing ducts that bud off from existing ducts and grow into 
adjacent stroma; they are responsible for most of the 
obstructive symptoms attributed to BPH. 

Imaging evaluation of the urinary tract addresses 
several important clinical issues in the patient with 
obstructive or irritative symptoms and suspected 
BPH. The first issue is the status of the upper urinary 
tract. It is important to ascertain whether elevation of 
intraurethral resistance has translated into significant 
ureteral obstruction and obstructive nephropathy. 
Coexistent disease of the kidneys and ureters, such 
as congenital anomalies or cancer, is sought. Bladder 
compensation is assessed by the imaging evaluation 
of bladder size, estimation of postvoiding residual 
urine volume, bladder wall thickness, the presence 
of trabeculation, and diverticula formation. Another 


important objective is to evaluate the prostate for coin- 
cidental disease, specifically adenocarcinoma. Estima- 
tion of the absolute size of the prostate is important, 
particularly if nonsurgical therapy is elected, although 
there is a poor correlation between absolute prostate 
size and severity of symptoms related to bladder outlet 
obstruction. 

Urinary tract ultrasonography that includes evalua- 
tion of the kidneys and the bladder is often performed 
in symptomatic patients. In this older population benign 
renal cysts, some degree of collecting system and ure- 
teral dilatation, urinary tract stones and bladder diver- 
ticula account for the majority of the abnormalities 
detected. Incidental detection of upper tract malig- 
nancy is also a consideration in this population, but it 
is uncommon. Ultrasound provides both qualitative and 
quantitative information with regard to the bladder and 
prostate gland. Bladder wall thickening, the presence of 
diverticula, prevoid and postvoid bladder volumes, and 
prostate size can be assessed (Fig. 8-30). Pelvocalyceal 
dilatation with parenchymal atrophy may be seen if 
obstructive nephropathy complicates chronic bladder 
outlet obstruction caused by BPH. 

TRUS of the prostate provides more specific informa- 
tion about the size of the prostate, the appearance of 
the transitional zone, and the presence of coincident 
prostatic disease. Using the formula for a prolate ellip- 
soid (the product of 7/6 and the length, width, and 
height of the prostate), the volume of the prostate gland 
can be estimated from its orthogonal dimensions on 
transverse and sagittal images. The normal prostate 
gland measures about 3.5 cm craniocaudally, 4 cm 
transversely, and 3 cm anteroposteriorly, generating 
a volume of 20 to 25 em’. Because the central gland of 
the prostate is distinct sonographically from the periph- 
eral zone in most men older than 40 years of age, the 
size of the transitional and central zones can be esti- 
mated in a similar fashion. An estimate of the weight 
of the prostate gland can be extrapolated from the pros- 
tate volume estimate, assuming the specific gravity of 
prostate tissue is 1.0 to 1.5 g/em*. Adenomatous nodules 
may appear as focal hyperechoic or hypoechoic areas 
in the periurethral prostate, and the distinguishing 
these nodules from transitional-zone cancer is not pos- 
sible without biopsy. With enlargement of the central 
gland, the peripheral zone frequently is compressed 
(Fig. 8-31). In patients with BPH and disproportionate 
elevations in PSA, transrectal sonography can be used 
to screen for a synchronous peripheral-zone cancer. 
Regrowth of transitional-zone tissue can be demon- 
strated on transrectal sonography if obstructive symp- 
toms return after transurethral prostatectomy. A precise 
measurement of the postvoid bladder volume and eval- 
uation of the bladder wall, hydronephrosis, and renal 
parenchymal atrophy can be assessed with transab- 
dominal sonography. 

MRI can be used to demonstrate the changes in the 
transitional zone that typify BPH, but its value in 
routine patient imaging is questionable. In patients with 
BPH, the central gland is enlarged and heterogeneous 
in signal intensity. Hyperplastic nodules that are pre- 
dominantly glandular are of increased signal intensity 
on T2-weighted images and can be of either low or high 
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Prostatic enlargement and bladder changes in benign prostatic hyperplasia. Transverse (A) and lon- 
gitudinal (B) gray-scale ultrasound images through the bladder base show an enlarged prostate gland (5.1 cm trans x 
5.6 cm sag x 4.3 em anteroposterior) protruding into the bladder (arrow in B). A prostate gland volume of 61 cm’, 
or approximately three times normal, was calculated using the formula for a prolate ellipsoid. Transverse images 
(C and D) through the bladder at a higher level show bladder wall thickening and trabeculation (arrows in D) and 
bladder diverticula arising from both the right and left sides of the bladder near the ureterovesical junction (arrowhead 
in C and D) as a consequence of bladder outlet obstruction. 


intensity on T1-weighted images. Stromal proliferation 
tends to produce areas of decreased signal intensity on 
Tl- and T2-weighted images. The peripheral zone 
is thinned and compressed and usually has a higher 
signal intensity than the enlarged, signal-heterogeneous 
central gland (Fig. 8-32). Given the distortion of the 
peripheral zone, it is frequently more difficult to recog- 
nize cancer in the peripheral zone on MR images in 
patients with BPH. 


Prostatic and Paraprostatic Cysts 


Focal cystic areas in the prostate gland most often are 
found with BPH. Originating from cystic dilatation of 
transitional-zone glands, the proteinaceous cysts are 
of various sizes and rarely manifest except as an 
element of BPH itself. As with cystic BPH, acquired 
prostatic retention cysts originate from dilatation of the 


glandular acini, but are not associated with BPH, and 
can be found in any zone of the prostate (Fig. 8-33). 
The rare, but potentially serious, prostatic abscess may 
present as a cystic prostatic mass (Fig. 8-34). It occurs 
as a complication of prostatitis, epididymitis, or surgery, 
and diabetes is a risk factor. 

Other prostatic and paraprostatic cysts are not 
common but may be important because of associations 
with infertility or anomalies of the urinary tract. These 
cysts can be classified by location (Table 8-2). Congeni- 
tal midline or paramedian cysts include the utricular 
cyst and the miillerian duct cyst. Utricular cysts are 
intraprostatic (Fig. 8-35), and miillerian duct cysts are 
located cephalad to the prostate in the retrovesical 
space (Fig. 8-36). Utricular cysts occur as a result of 
utricular dilatation and originate from the verumonta- 
num. Utricular cysts communicate with the urethra and 
may opacify with contrast material at urethrography. 
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Typical findings of benign prostatic hyperplasia on transrectal sonography. Transverse (A) and sagittal 
(B) sonograms show marked enlargement of the central gland. Although compressed, the peripheral zone remains 
slightly hyperechoic (arrow) compared with the transitional-zone and central-zone tissues (curved arrow = seminal 


vesicle). 


TABLE 8-2 Prostatic and Paraprostatic Cysts 


Intraprostatic Extraprostatic 
Midline or Utricular cyst Miillerian duct cyst 
paramedian Ejaculatory duct cyst 
Lateral Congenital prostatic Seminal vesicle 


cyst cyst 


Cystic nodule of 
benign prostatic 
hyperplasia 

Acquired retention 
cyst 

Abscess 


Any location 


They can be associated with cryptorchidism and hypo- 
spadias. Miillerian duct cysts originate from miillerian 
duct remnants that do not connect with the prostatic 
urethra. Miillerian duct cysts may contain stones and 
can be associated with ipsilateral renal agenesis. If 
large, these cysts can exert extrinsic mass effect on the 


bladder outlet or trigone. Ejaculatory duct cysts can be 
midline or paramedian in location. Resulting from 
acquired obstruction of the ejaculatory duct, these 
cysts may contain calculi or may be associated with 
ipsilateral seminal vesicle obstruction. Seminal vesicle 
cysts often develop lateral to the prostate gland and are 
secondary to congenital hypoplasia of the ejaculatory 
duct. Seminal vesicle cysts typically are unilateral and 
may be associated with ipsilateral renal agenesis (Fig 
8-37). Stones and epididymitis may also occur with 
these cysts. 


m= STAGING OF PROSTATIC CARCINOMA 


The Hopkins modification of the Whitmore-Jewett 
staging system is in common use in the United States, 
recognizing four stages of prostate cancer (Box 8-14). 
In simplified form, stage A is microscopic prostate 
cancer, which typically is an incidental discovery 
in prostate tissue removed during transurethral prosta- 
tectomy. Stage B prostate cancer is a macroscopic, 
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Benign prostatic hyperplasia at magnetic resonance 
imaging. A, T1-weighted image of the prostate gland shows homoge- 
neous isointensity of the various zones of the prostate gland. Arrow- 
heads mark the position of the neurovascular bundles. B, T2-weighted 
image shows the enlarged, heterogeneous transitional zone with 
numerous nodules of variable intensity. Note the compression of 
the peripheral zone (arrows). An endorectal coil was used for this 
study (R). 


palpable tumor that is confined to the prostate gland, 
whereas stage C prostate cancer has spread beyond the 
capsule of the prostate gland but remains clinically 
localized to the true pelvis. Stage D denotes prostate 
cancer that is metastatic to either regional lymph 
nodes, bones, or other distant visceral sites. Accurate 
staging of prostatic adenocarcinoma is important for 
two reasons. First, stage at presentation has an impor- 
tant bearing on prognosis. The 5-year disease-free sur- 
vival rate for patients with stage B cancer is 80%, but 
the rate is only 30% for patients with stage C cancer. Of 
equal significance is that clinical staging determines 
available treatment options for the patient. Stage Al 


Computed tomography (CT) of a prostatic retention 
cyst in a 53-year-old man with obstructive voiding symptoms. 
Enhanced axial CT image through a normal-size prostate gland 
reveals a midline, low-attenuation intraprostatic cyst (arrow). No 
communication between the cyst and urethra could be identified at 
cystoscopy. 


BOX 4 Prostate Cancer Staging System 


STAGE A 


Microscopic, not palpable 
Al—Cancer in < 5% of tissue, low grade 
A2—Cancer in multiple areas, or Gleason grade higher 
than 4 


STAGE B 


Macroscopic, palpable 
B1—< 1.5 em in diameter, only in one lobe 
B2—> 1.5 cm or in several lobes 


STAGE C 

Extracapsular extension 
C1—Seminal vesicles but not pelvic sidewall 
C2—Fixed to pelvic wall 


STAGE D 

Metastatic disease 
D1—tThree or fewer nodes, confined to pelvis 
D2—More extensive nodal or extrapelvic disease 


*Hopkins modification of the Whitmore-Jewett staging system. 


prostate cancer is usually managed by watchful waiting. 
Patients with stage A2 or stage B cancer are candidates 
for radical prostatectomy or definitive radiation therapy. 
Stage C cancer patients generally are offered radio- 
therapy, although radical prostatectomy is considered 
when extracapsular extension is focal, the tumor is of 
low grade, and negative surgical margins are achievable. 
Patients with metastatic prostate cancer are treated 
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Computed tomography (CT) of a prostatic abscess in 
a 44-year-old man. Axial unenhanced CT image through the lower 
pelvis reveals a complex, multiloculated low-attenuation process in 
the prostate gland (arrows) in a patient with fever, perineal pain, and 
infected urine consistent with a prostatic abscess. R, Rectum. 


BOX 8-15 Evaluating Stage C and D 
Prostate Cancer 


Extracapsular spread 
Transrectal prostate ultrasonography with biopsy 
Endorectal-coil MRI 

Nodal metastases 
Computed tomography (or MRI) 
Percutaneous needle biopsy if nodes > 10 mm 
Laparoscopic or surgical dissection 

Bone metastases 
Prostate-specific antigen blood test first, then bone scan 


MRI, Magnetic resonance imaging. 


with palliative therapy, which includes various forms of 
hormonal therapy, such as orchiectomy or total andro- 
gen blockade, and chemotherapy. Unfortunately, while 
surgical prostatectomy is usually curative when carci- 
noma is confined to the prostate gland itself, preopera- 
tive clinical staging often underestimates the true stage 
of tumor. At histology after prostatectomy, capsular 
penetration by tumor is found in up to 45% of speci- 
mens, and positive surgical margins in 15% of cases 
clinically staged preoperatively as prostate-confined 
disease. 

The conventional staging practice in the patient with 
newly diagnosed prostate cancer begins with measure- 
ment of the blood PSA and, if a moderately high serum 
PSA level is present, a radionuclide bone scan is 
obtained (Box 8-15). Osseous metastases from prostate 
adenocarcinoma involve, in descending order of fre- 
quency, the pelvic bones, lumbar spine, femur, thoracic 
spine, and ribs. Five percent of bone metastases are 
purely lytic and about 10% are mixed osteolytic and 
osteoblastic; the overwhelming majority of bony lesions 
are predominantly osteoblastic. Bone scan results that 
are consistent with metastatic disease, together with a 
corroborative PSA level, identify the prostate cancer as 
stage D2. False-negative bone scan results are unusual 
but have been reported in as many as 8% of patients. 
Results of bone scans almost always are negative for 


a 


Ultrasound (US) of a utricle cyst in a 25-year-old man 
with lower urinary tract symptoms. Transverse (A) and longitudinal 
(B) gray-scale ultrasound images through the bladder (BL) and pros- 
tate gland reveal an anechoic lesion centrally located in the prostate 
gland (arrowhead in A and B) and posterior to the urethra (arrow 
in B). Cystoscopy revealed a communication of the cyst with the 
urethra confirming the utricular origin of the lesion. 


metastatic disease when the PSA level is 10 ng/mL or 
less, and no more than 4% of bone scans are abnormal 
with PSA levels between 10 and 20 ng/mL. Conversely, 
PSA levels in excess of 58 ng/mL frequently are indica- 
tive of bone metastases, irrespective of plain film or 
bone scan findings. If the bone scan is inconsistent with 
metastatic disease, the status of the pelvic and retro- 
peritoneal lymph nodes is evaluated, typically with 
abdominal and pelvic CT or MRI, or at surgery before 
prostatectomy. A chest radiograph also is recom- 
mended, although only about 6% of patients with pros- 
tatic carcinoma have intrathoracic metastases when 
first examined. As many as 25% of patients with stage 
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Computed tomography (CT) of a miillerian duct cyst. 
Enhanced axial CT images at the level of the prostate gland (A) and 
seminal vesicles (B) reveal a midline, low-attenuation lesion (arrow 
in A and B) that extends above the prostate gland between the 
seminal vesicles (S). Extension above the prostate gland into the 
rectovesical space is characteristic of a cyst of miillerian origin. 


D cancer have lung or pleural involvement, and lym- 
phangitic carcinomatosis is a more common pattern of 
metastatic prostate adenocarcinoma than multiple pul- 
monary nodules. 

The prognostic significance of tumor spread to the 
lymph nodes is clear; more than 80% of patients with 
lymphogenous spread of prostate cancer develop metas- 
tases to bone within 5 years. By contrast, the chance 
is less than 20% that patients with negative lymph node 
results will develop metastases to bone. The most fre- 
quent pelvic sites of lymphatic spread are the obturator, 
internal iliac, and external iliac nodal groups. Prostate 
cancer can also extend directly into the seminal vesi- 
cles, bladder base, and perivesical fat; however, it infre- 
quently spreads posteriorly to the rectum through 
Denonvilliers rectovesical fascia. CT and body-coil MRI 
demonstrate lymph node involvement on the basis of 


Computed tomography (CT) of a large seminal vesicle 
cyst. Enhanced axial CT image through the seminal vesicles reveals 
a large, off-midline, low-attenuation lesion in the left seminal vesicle 
(arrow) consistent with a cyst, with a normal right seminal vesicle 
(arrowhead). This patient was also found to have left renal agenesis. 
BL, Bladder; R, rectum. 


nodal enlargement (Fig. 8-38). The sensitivity and spec- 
ificity of CT and MRI for evaluating lymphadenopathy, 
defined as nodes larger than 1.5 cm in diameter, range 
from 25% to 90% and from 85% to 95%, respectively. 
Hence, imaging alone is insufficient for the diagnosis 
of lymph node metastasis based on size because of a 
high percentage of false-negative results. Furthermore, 
the transverse axial plane is particularly inaccurate 
for detecting direct extension of prostatic carcinoma 
into the seminal vesicle and bladder base. In research 
studies, ultrasmall super paramagnetic iron oxide par- 
ticles have been used to label macrophages in normal 
lymph nodes, causing a normal node to lose signal on 
iron-sensitive MRI sequences (T-2*). Metastatic disease 
that replaces the normal tissue within a node produces 
a bright signal in the involved nodes. High sensitivity 
and specificity (approximately 90%) have been reported 
for detection of nodal metastasis in patients with pros- 
tate cancer using this technique. Unfortunately, the 
contrast agent is not generally available in the United 
States, at this time. 

Because knowledge of lymph node involvement is 
critical to staging and prognosis, laparoscopic or surgi- 
cal pelvic lymphadenectomy may be performed. Trans- 
peritoneal laparoscopic dissection of pelvic lymph 
nodes has gained popularity for staging prostatic cancer 
and cancers of the bladder, cervix, and penis. The 
boundaries of the laparoscopic node dissection are 
identical to those of a limited open lymphadenectomy 
and include the lymph node groups encompassed by 
the common iliac vessels superiorly, the internal iliac 
vessels posteriorly, the external iliac vessels anteriorly, 
and the prostate medially. Laparoscopic and open 
lymphadenectomy remove about 12 lymph nodes, and 
either procedure is undertaken at the same time a 
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Prostatic adenocarcinoma with metastatic lymphade- 
nopathy at body-coil magnetic resonance imaging. A, T2-weighted 
axial image through the prostate gland and rectum (R) shows 
decreased signal intensity in the left and central portion of the periph- 
eral zone (arrows), consistent with presence of adenocarcinoma. 
B, An image at a higher level through the bladder base (BL) and 
rectum (R) shows enlarged lymph nodes in the external iliac chains, 
bilaterally (arrowheads). Image-guided, fine-needle aspiration of the 
left external iliac node was positive for tumor involvement. Note the 
abnormal signal intensity in the left seminal vesicle (arrow) as 
another indicator of extracapsular tumor spread. 


radical prostatectomy is planned. If the frozen section 
sample of any lymph node is positive for tumor, cura- 
tive radical prostatectomy should not be attempted 
because recurrence is common, even with minimal 
lymph node involvement. Between 10% and 25% of 
patients with clinical stage A2 or B1 prostatic cancer 
and 30% of those with stage B2 prostate cancer have 
positive lymph nodes at staging lymphadenectomy. 
Metastases to the liver and adrenal glands also occur, 
but they usually occur late in the course of prostate 
cancer. These sites are evaluated routinely and ade- 
quately with abdominal CT and MRI. 

Recent interest has focused on the use of TRUS and 
MRI to improve the accuracy of local staging of prostate 


BOX 8-16 Extraprostatic Spread of Prostate Cancer 


Obliteration of the rectoprostatic angle 

Interruption of the capsule or irregularity of the prostatic 
contour 

Focal bulge or distortion 

Asymmetric appearance of the neurovascular bundles 

Abnormal signal in periprostatic fat or seminal vesicle 


cancer. Specifically, it was hoped that either or both of 
these imaging modalities would improve the detection 
of extraprostatic spread of cancer into the periprostatic 
fat and seminal vesicles. Several observations about the 
extraprostatic spread of prostate cancer, which were 
discovered from rigorous evaluation of anatomic speci- 
mens removed at radical prostatectomy, are worthy 
of review. There is no true capsule enveloping the 
prostate—the prostate capsule is simply a loose blend- 
ing of prostatic fibromuscular stroma with the endopel- 
vic fascia. There is no capsule covering the anterior or 
apical parts of the prostate—prostate cancers that origi- 
nate in the transitional zone spread beyond the capsule 
less frequently than those that originate in the periph- 
eral zone, and when they do, the anterior or anterolat- 
eral margin of the gland is the site of transgression (see 
Fig. 8-27). By contrast, peripheral-zone cancers have a 
greater tendency to spread beyond the prostate along 
the posterior or posterolateral surface. The likelihood 
that a cancer will transgress the prostatic capsule is 
correlated with the size of the primary tumor and the 
tumor grade. The neurovascular bundles are important 
structures because preservation of one of these struc- 
tures is necessary for potency-sparing prostatectomy. 
In addition, it has been shown that a majority of 
advanced peripheral-zone cancers spread beyond the 
prostate along these perineural pathways. Each neuro- 
vascular bundle is approximately 5 to 6 cm in length 
and is located posteriorly and laterally to the rectal 
surface of the prostate gland. Both neurovascular 
bundles can be seen with endorectal-coil MRI in nearly 
all patients (see Fig. 8-32) and on TRUS in about 50% 
of patients, and in another 30% to 35% of patients one 
of the neurovascular bundles can be seen as a distinct 
round or oval hypoechoic structure. The hypoechoic 
appearance results from the vascular component of the 
bundle. 

Criteria for the extraprostatic spread of prostate 
cancer have been established for TRUS and for MRI 
(Box 8-16). The accuracy of the sonographic detection 
of extraprostatic spread depends on the location of 
the primary cancer and its size. Ultrasonographic signs 
of tumor spread include irregularity or interruption of 
the periprostatic fat line or a local bulge or distortion 
of the prostatic contour (Fig. 8-39). Body-coil MRI cri- 
teria for tumor transgression of the prostatic capsule 
include interruption of the low-signal-intensity pros- 
tatic margin, irregular gland contour (Fig. 8-40), and 
abnormal low-signal-intensity areas in the periprostatic 
veins or fat contiguous to a hypointense peripheral- 
zone lesion. Signs that suggest capsular transgression 
have also been described for MRI of the prostate 
with an endorectal coil. In addition to gross capsular 
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FIGURE 8-39 Extraprostatic spread of cancer on transrectal sonog- 
raphy. Transverse image demonstrates a hypoechoic area in the 
peripheral zone (arrow) with an irregular, serrated capsular margin. 


FIGURE 8-40 Body-coil magnetic resonance imaging with abnormal 
gland contour from prostate adenocarcinoma. An axial T2-weighted 
image through the prostate gland, obtained in a patient with abnormal 
digital rectal examination and elevated serum _prostate-specific 
antigen value, shows bulging of the posterior contour of the gland on 
both the right and left sides (arrows), with poor definition of the 
posterior prostatic margin. The entire peripheral zone is replaced by 
hypointense tissue consistent with extensive tumor involvement. 
Note that the tumor has engulfed the neurovascular bundle on the 
right (arrowhead). 


transgression, obliteration of the rectoprostatic angle 
and asymmetry of the neurovascular bundle are the 
findings most indicative of extracapsular tumor exten- 
sion. In addition, transcapsular spread is suggested 
when there is a focal distortion of the capsular margin 
adjacent to the neurovascular bundle or when there is 
bulge and deformity of the capsular contour contiguous 
with a focal, asymmetric area of low-signal intensity in 
the peripheral zone. 

There are three pathoanatomic routes by which 
prostate cancer secondarily spreads to the seminal 
vesicles. In the majority of patients, cancer spreads 
around or through ejaculatory ducts to the seminal 
vesicles. Direct spread into the seminal vesicles from a 


cancer in the peripheral zone can also occur, and, least 
commonly, de novo noncontiguous involvement of the 
seminal vesicles is observed. With respect to seminal 
vesicle invasion on TRUS, several signs are valuable for 
making this diagnosis. These signs include diffuse or 
patchy hyperechogenicity of the seminal vesicle rela- 
tive to the echo pattern of the bladder wall, enlarge- 
ment of the anteroposterior dimension of the seminal 
vesicle more than 1 cm, anterior displacement of the 
seminal vesicles of more than 1 cm from the rectal wall, 
cystic dilatation of the seminal vesicles of more than 
1 cm in the anteroposterior dimension, and marked 
asymmetry in size or configuration (Fig. 8-41). Hyper- 
echogenicity combined with any two other signs has a 
reported sensitivity of 71% and specificity of 94%. MRI 
with the body coil and the endorectal coil also has been 
used to stage prostate cancer with respect to seminal 
vesicle invasion. Decrease in the signal intensity of the 
seminal vesicles on T2-weighted images (Fig. 8-42), 
asymmetric enlargement resulting from obstruction, 
and the presence of high signal caused by hemorrhage 
within the seminal vesicles on T1-weighted images have 
been described as useful signs. It should be noted that 
foci of low-signal intensity in the seminal vesicles on 
T2-weighted images are nonspecific; occasionally, these 
signal-intensity changes result from  biopsy-related 
hemorrhage, senile amyloidosis, or compression of the 
seminal vesicles by a hyperplastic prostate gland. 
Despite some refinement and maturation of the 
techniques, reports of the accuracy of MRI in staging 
prostatic cancer have ranged from 54% to 93%, raising 
concerns for significant interobserver variability. 
Multiparametric imaging including dynamic contrast- 
enhanced MRI (Fig. 8-43), DW-MRI, and MR spectros- 
copy, which provides metabolic information about the 
prostate gland, have been used to improve the accuracy 
of preoperative staging of prostate cancer more recently. 


== PROSTATITIS 


Prostatitis is a clinical syndrome in which inflammation 
of the prostate gland manifests as pelvic or perineal 
pain or as irritative symptoms during micturition or 
ejaculation. Prostatitis is classified conventionally as 
acute prostatitis, chronic prostatitis, and prostatodynia. 
Supportive evidence for the diagnosis derives from clin- 
ical evaluation and Gram stain of expressed prostatic 
secretions and from culture of the urine, prostatic 
secretions, or semen. 

Acute prostatitis frequently causes fever, chills, 
dysuria, frequency, and pain in the rectal area or 
perineum. DRE reveals a swollen (boggy) gland, which 
is firm, warm, and tender. Escherichia coli, Pseudomo- 
nas species, and Enterococci may be recovered from 
the urine or the expressed prostatic secretions. Acute 
bacterial prostatitis typically responds to antibiotic 
therapy. The development of a prostatic abscess is an 
infrequent complication of acute prostatitis in the era 
of antibiotics, but immunosuppressed patients and 
patients with diabetes continue to be susceptible. By 
contrast, chronic prostatitis is an indolent disease 
marked by relapses of dysuria, urgency, and pain. 
Often, results of DRE are normal, and the diagnosis 
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Seminal vesicle invasion on transrectal sonography. A hypoechoic mass was seen in the peripheral 
zone of the base of the prostate gland. A, Oblique transverse image demonstrates marked enlargement (anteroposterior 
dimension > 1 cm) and cystic dilatation of the right seminal vesicle. B, In comparison, the left seminal vesicle (arrow) 
is normal in size and echogenicity. Results of needle biopsy of the right seminal vesicle revealed prostate cancer. 


rests on the finding of leukocytes (>10 per high-power 
field) in expressed prostatic secretions. It is postulated 
that Chlamydia, Ureaplasma, Mycoplasma, or Tricho- 
monas may be important causative agents in chronic 
nonbacterial prostatitis. Nonspecific granulomatous 
prostatitis is a form of focal prostatitis that can mimic 
carcinoma clinically and at TRUS. Results of biopsy 
reveal either caseating or noncaseating granulomas. 
The most common form of specific granulomatous pros- 
tatitis is caused by Calmette-Guérin bacillus, which is 
used for immunotherapy of superficial bladder cancer. 
Chronic prostatitis is a cause of recurrent urinary tract 
infection and epididymitis. Recurrent prostatitis may 
also be the consequence of infected prostatic calculi. 

Prostatodynia is a diagnosis reserved for the patient 
with clinical symptoms referable to the prostate, but 
without microscopic or microbiologic evidence of pros- 
tatic inflammation. The complaints of these patients 
should not be minimized because symptoms may be 
caused by cystitis or carcinoma of the bladder. 

TRUS is a valuable adjunct to the clinical examina- 
tion of a patient with prostatodynia and suspected pros- 
tatitis. In the patient with acute prostatitis, the gland is 
enlarged and may be diffusely hypoechoic. Increased 
through transmission of sound may be observed because 


of interstitial edema. Heterogeneous echo architecture 
can be found in many patients with acute prostatitis, 
and a hypoechoic halo in the periurethral region has 
been reported. The capsule may be irregular or thick- 
ened. Solitary or diffuse prostatic calculi are also more 
common in this disease. A more discrete hypoechoic 
mass containing midrange echoes should raise the pos- 
sibility of abscess. As a general rule, normal results of 
sonographic evaluation are valuable in excluding the 
diagnosis of acute prostatitis. Occasionally, CT or MRI 
is used to demonstrate the enlarged, inflamed prostate 
(see Fig. 8-34), epididymitis, or an obstructed, dilated, 
thin-walled bladder. Chronic prostatitis cannot be diag- 
nosed specifically with ultrasonography, and its diagno- 
sis relies primarily on clinical parameters. 


= ERECTILE DYSFUNCTION 
Introduction 


Erectile dysfunction (ED) is defined as the inability to 
achieve or sustain an erection sufficient for vaginal 
penetration in 50% or more of attempts during inter- 
course. The incidence of ED increases with age with 
some estimates suggesting that up to 50% of men 
will experience ED by the age of 65. In the past, 
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Direct extension of prostate carcinoma into the seminal vesicles on magnetic resonance imaging. 
A, An axial T2-weighted, surface-coil image through the prostate gland shows multiple hypointense areas on the left 
side of the peripheral zone (arrows) with the largest located posteriorly, and extending across the midline. B, An 
axial T2-weighted image slightly higher in the gland shows that the hypointense tumor has breached the prostatic 
capsule (arrow) with direct invasion into the seminal vesicles. Much of the central portion of both seminal vesicles 
has been replaced by tumor, with only small portions of the normal seminal vesicles visualized (arrowheads). C, A 
T2-weighted coronal image confirms the central tumor involvement of the seminal vesicles with only small areas of 
the normal seminal vesicles seen laterally (arrowheads). Note the abnormal signal intensity in the vas deferens 
(arrows), indicating tumor involvement of these structures, as well. 


psychogenic causes were thought to account for the 
majority of cases. As the physiology of erection has 
been more completely elucidated, it is now recognized 
that the majority of cases may have an organic cause 
with diabetes mellitus, hypertension, and heart disease 
as significant predictors of ED (Box 8-17). 


Anatomy of the Penis 


The erectile components of the penis consist of the 
paired, dorsal corpora cavernosa and the ventral corpus 
spongiosum. The corpus spongiosum surrounds the 
anterior urethra and forms the glans penis distally. The 
corpora cavernosa, which are the main structures for 
penile erection, consist of multiple interconnecting 
lacunar spaces or sinusoids that are lined by vascular 
endothelium. In the flaccid penis the lacunae are 


collapsed, whereas in the erect penis the lacunae are 
engorged with blood. In the perineum, the corpora cav- 
ernosa diverge to form the crura, which attach to the 
inferior aspect of the ischiopubic rami. A rigid, fibrous 
covering, the tunica albuginea, encloses the corpora 
cavernosa (Fig. 8-44). 

The arterial supply of the penis is routed through the 
right and left internal pudendal artery and branches of 
the internal iliac arteries. Each internal pudendal artery 
gives off a perineal branch, a bulbar artery, and a small 
urethral artery before continuing as the artery of the 
penis. The artery of the penis enters the base of the 
penis and branches into the deep penile or cavernosal 
artery and the dorsal artery of the penis. The caverno- 
sal artery lies near the center of each corporal body and 
is the primary source of blood flow to erectile tissue. 
Numerous corkscrew-shaped helicine arteries originate 
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Enhancement in prostate carcinoma at magnetic 
resonance imaging. A, An axial T2 surface-coil image through the 
prostate gland shows a focal area of hypointensity on the left side of 
the peripheral zone (arrow). B, Corresponding T1-weighted image, 
obtained during dynamic contrast enhancement shows early, abnor- 
mal enhancement in the same region (arrow) as compared with the 
background normal gland. The tumor is associated with early 
enhancement and early washout due to the increased number and 
permeability of tumor vascularity. 


BOX 8-17 Causes of Erectile Dysfunction 


Endocrinologic 
Diabetes mellitus, hyperprolactinemia, hypogonadism 
Neurogenic 
Spinal cord injury, multiple sclerosis, peripheral neuropa- 
thy, cerebrovascular accident, idiopathic or temporal 
lobe epilepsy, Alzheimer disease, cervical spondylosis, 
primary autonomic insufficiency 
Pharmacologic 
Alcohol, anticonvulsants, antihypertensives, narcotics, 
psychotropic agents 
Postsurgical 
Radical prostatectomy, cystectomy, or proctocolectomy 
Psychogenic 
Vasculogenic 
Venous incompetence, atherosclerotic disease, diabetes, 
trauma, structural alterations of the corporal body 
sinusoids (cavernosal fibrosis or cavernous muscle 
myopathy) 


from each cavernosal artery and communicate with the 
sinusoidal spaces. The lacunar spaces are drained by 
small venules, which coalesce to form larger emissary 
veins. These emissary veins pierce the tunica albuginea 
at oblique angles and anastomose to form the circum- 
flex veins, which eventually drain into the deep dorsal 
vein of the penis. The venous drainage from the proxi- 
mal crura is distinct from that of the rest of the penis; 
its course is primarily through the cavernosal and 
crural veins. Sinusoidal distention in the erect penis is 
maintained by a venoocclusive mechanism, which con- 
sists of the mechanical compression of emissary veins 
against the unyielding tunica albuginea and can occur 
only when the sinusoids are expanded completely. 

Peripheral innervation of the penis consists of sym- 
pathetic nerves originating from T11 to L2 and para- 
sympathetic and somatic nerves originating from S2 to 
S4. Cholinergic autonomic nerves and nonadrenergic 
or noncholinergic autonomic nerves cause smooth- 
muscle relaxation. By contrast, adrenergic neural activ- 
ity causes smooth-muscle contraction. 


Mechanism of Erection and Detumescence 


Erection begins with the relaxation of lacunar and arte- 
rial smooth muscle. Relaxation of cavernosal and heli- 
cine smooth muscle affects an increase in arterial 
diameter and blood flow to the lacunae. Relaxation of 
the smooth muscle that surrounds the lacunar spaces 
of the corpora cavernosa facilitates arterial inflow 
through a decrease in peripheral vascular resistance. In 
addition, dilatation of the lacunae causes passive com- 
pression of the emissary veins against the relatively 
noncompliant tunica albuginea, facilitating engorge- 
ment of the penis with blood (i.e., the venoocclusive 
mechanism). 

Detumescence follows penile smooth-muscle con- 
traction. Sympathetic neural activity causes an increase 
in smooth-muscle tone of the helicine arteries and the 
lacunae. As a result, arterial inflow decreases, and the 
lacunae collapse. 
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Penile anatomy at magnetic resonance imaging. A, A 
T2-weighted coronal image through the penis and scrotum shows 
the paired dorsal corpora cavernosa (asterisks) surrounded by the 
hypointense tunica albuginea (arrows). The ventral, midline corpus 
spongiosum (arrowhead) surrounds the urethra. B, Axial T2-weighted 
image through the base of the penis with the paired corpora caver- 
nosa seen longitudinally (asterisks), surrounded by the hypointense 
tunica albuginea. The corpus spongiosum, seen in cross section on 
this image (arrowhead), terminates posteriorly as the bulb of the 
penis (arrows). E, Epididymis; IT, ischial tuberosity; T, testis. 


Treatment of Erectile Dysfunction 


The treatment of ED has been radically changed by 
the discovery of phosphodiesterase inhibitors such 
as sildenafil (Viagra; Inc.; Mission, Kansas, USA), var- 
denafil (Levitra; Corp.; Montville, New Jersey, USA), 
and tadalafil (Cialis; Lilly; Indianapolis, Indiana, USA). 
These medications all function similarly, by blocking 
the activity of phosphodiesterase type 5. The medica- 
tions serve to enhance the effect of nitric oxide, which 


Computed tomography (CT) of a multicomponent 
inflatable penile prosthesis. A, Enhanced axial CT image through 
the lower pelvis shows the reservoir for the prosthesis (arrow) 
anterior to the bladder (BL). B, An axial image slightly lower, through 
the base of the penis, shows the inflatable penile cylinders (arrows) 
in the corpora cavernosa. C, An axial image through the upper 
scrotum shows the top of the valve mechanism on the right (arrow). 
Knowledge of the presence and type of prosthetic device may 
prevent imaging and interventional embarrassment, such as percuta- 
neous drainage of a reservoir mistakenly identified as a pelvic fluid 
collection. 


is normally released during sexual stimulation. Nitric 
oxide acts as a muscle relaxant and increases blood flow 
to the penis. In those patients in whom a specific cause 
of ED cannot be addressed, or the response to medica- 
tion is not adequate, surgical implantation of a penile 
prosthesis remains a treatment option (Fig. 8-45). 
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Cross-sectional imaging plays a major role in the evalu- 
ation of adrenal gland disease. In many patients not 
only can adrenal gland pathology be identified, but also 
a specific diagnosis can be made. The appropriate selec- 
tion and accurate interpretation of adrenal imaging and 
interventional studies are the subject of this chapter, 
which is divided into three sections. In the first section, 
the embryology, physiology, anatomy, and imaging of 
the adrenal gland are reviewed. Mass lesions of the 
adrenal gland are discussed in the second section. The 
third section reviews the approach to several common 
clinical problems in which adrenal imaging plays an 
integral role. 


= EMBRYOLOGY, PHYSIOLOGY, 
ANATOMY, AND IMAGING 


Embryology 


The embryology of the adrenal gland reflects its physi- 
ologic and anatomic separation into the cortex and the 
medulla. The adrenal cortex develops from the coelo- 
mic mesoderm in the fourth to sixth weeks of life as a 
cluster of cells between the root of the mesentery and 
the genital ridge. The adrenal medulla is of neural crest 
origin derived from the neuroectoderm. The develop- 
ment of the adrenal gland is independent from that of 
the kidney, and the ipsilateral adrenal gland is posi- 
tioned in its normal anatomic location in more than 
90% of patients with agenesis or malposition of the 
kidney. 


Physiology 


Adrenal cortical tissue, which makes up approximately 
90% of the adrenal gland by weight, synthesizes 
cholesterol-derived steroid hormones. Adrenal steroids 
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contain either 19 or 21 carbon atoms. Steroids with 21 
carbon atoms (C21 steroids) have either glucocorticoid 
or mineralocorticoid activity, whereas the C19 steroids 
have androgenic activity predominantly. 

The major glucocorticoid produced by the adrenal 
gland is cortisol, which plays an important role in 
the regulation of protein, carbohydrate, lipid, and 
nucleic acid metabolism. In addition, cortisol has potent 
anti-inflammatory properties. Adrenal synthesis and 
secretion of cortisol are stimulated by adrenocortico- 
tropic hormone (ACTH), also known as corticotropin, 
a peptide produced in basophilic cells of the anterior 
pituitary gland. The important factors that influence 
release of ACTH include the sleep/wake cycle, stress, 
plasma cortisol concentration, and corticotropin- 
releasing hormone (CRH), which is produced in the 
hypothalamus. Thus a negative-feedback servomecha- 
nism involving cortisol, ACTH, and CRH regulates 
adrenal secretion of glucocorticoids. 

The renin-angiotensin system plays a pivotal role in 
the regulation of extracellular fluid, largely through its 
action on the adrenal mineralocorticoid, aldosterone. 
Renin is an enzyme produced and stored in the gran- 
ules of the juxtaglomerular cells, which surround the 
afferent arterioles of the renal glomerulus. Renin is 
released in response to reduced renal perfusion as sig- 
naled by reduced afferent arteriole perfusion pressure, 
increased delivery of filtered sodium to the distal tubule, 
and increased sympathetic nerve stimulus. Renin acts 
on angiotensinogen to form angiotensin I, and the con- 
verting enzyme forms angiotensin II from angiotensin 
I. Angiotensin II is a potent stimulator of aldosterone 
production by the adrenal cortex. Increasing blood 
levels of aldosterone lead to sodium retention and an 
expansion of the extracellular fluid volume. In addition, 
aldosterone is an important regulator of potassium 
metabolism. 
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dehydroepiandrosterone in the urine. CT scans demonstrate normal shape and size of the right (A) and left (B) adrenal 
glands (solid arrows). The ipsilateral diaphragmatic crus (open arrows) is commonly used as an internal standard 
for normal adrenal size. The measured width of the normal adrenal limb ranges from 4 to 9 mm, and because of this 
variation, adrenal hyperplasia may not be distinguished able from a normal adrenal gland at imaging or at surgery. 


The major androgen secreted by the adrenal cortex 
is dehydroepiandrosterone (DHEA), which is the main 
precursor of the urinary 17-ketosteroids. The relatively 
weak adrenal androgens exert a greater effect after con- 
version in extra-adrenal tissues to the more potent 
androgen, testosterone. ACTH regulates the production 
of DHEA and other weak androgens by the adrenal 
cortex. 

Physiologically, the adrenal medulla is best thought 
of as an endocrinologic homolog with the postgangli- 
onic sympathetic neuron. The medulla maintains high 
concentrations of catecholamines, of which 85% is epi- 
nephrine. In contrast to the regulation of adrenal corti- 
cal steroid secretion by hormones or enzymes, release 
of catecholamines into the bloodstream in response to 
systemic stress occurs due to stimulation by the pre- 
ganglionic sympathetic nerves. The medulla is com- 
posed of chromaffin cells, so named because these cells 
stain brown with chromic acid salts, which oxidize 
intracellular catecholamines. 


Anatomy 


The right adrenal gland is suprarenal in location and is 
first imaged 1 to 2 cm cephalad to the upper pole of the 
right kidney. Its inferior extent can be seen anterior and 
medial to the upper pole. The right adrenal gland is 
posterior to the inferior vena cava, lateral to the right 
crus of the diaphragm, and medial to the right lobe of 
the liver. The left adrenal gland is located at or caudal 
to the level of the right adrenal gland. It is most often 
imaged anteromedially to the upper pole of the left 
kidney and frequently extends to the level of the left 
renal hilum. The left adrenal gland is lateral to the aorta 
and left crus of the diaphragm, and posterior to the 
pancreas and splenic vessels. The anatomic relation- 
ship of the right and left adrenal glands to the inferior 
vena cava and the splenic vein, respectively, is impor- 
tant because it may suggest an adrenal origin for a large 
upper-quadrant mass. 


At birth, the adrenal glands are almost one third the 
size of the kidneys, whereas in adults they are about 
one thirtieth the size of the kidneys. The cephalocaudal 
length of the adrenal gland varies from 4 to 6 cm and 
the width varies from 2 to 3 em. Because of this varia- 
tion, these dimensions are used infrequently as criteria 
for the assessment of adrenal gland size. This variation 
also explains why endocrinologically hyperfunctioning 
and pathologically hyperplastic adrenal glands may 
appear normal in size at imaging and surgery (Fig. 9-1). 
Depending on the level of transverse (axial) computed 
tomography (CT) images, the adrenal gland may have 
a variety of configurations, varying from oblique linear 
to an inverted Y, inverted V, or inverted T shape. The 
normal adrenal gland is composed of the adrenal body 
and two limbs, medial and lateral. The width of a normal 
adrenal limb, when measured perpendicular to the long 
axis on the transverse plane, has a range of 4 to 9 mm. 
In patients with congenital absence of a kidney or a 
pelvic kidney, the ipsilateral adrenal gland will have an 
elongated or flattened appearance (Fig. 9-2). 

Three arteries typically supply each adrenal gland: 
the inferior, middle, and superior adrenal arteries. The 
inferior adrenal artery most often is a branch of 
the proximal, ipsilateral renal artery and usually is the 
major artery to the adrenal gland. A single central 
adrenal vein drains each adrenal gland. From the right 
adrenal gland, three segmental veins join to form a 
short central vein that enters the posterior inferior vena 
cava. From the left adrenal gland, a long, single adrenal 
vein enters the superior aspect of the left renal vein 
opposite the gonadal vein. 


Imaging 


Imaging of the enlarged adrenal gland or adrenal mass 
can be accomplished with a variety of modalities 
including ultrasonography (US), CT, magnetic reso- 
nance imaging (MRI), nuclear scintigraphy, and angiog- 
raphy. CT, with its capability to create multiplanar 
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A, The right adrenal gland (arrow) has a flattened and 
elongated appearance in this patient with congenital absence of the 
right kidney. B, The left adrenal gland has a normal configuration 
(arrow). 


reformatted images, is the most readily available and 
consistently effective means of imaging the healthy and 
the abnormal adrenal gland. In the investigation of a 
large upper-quadrant mass, the multiplanar imaging 
capabilities of MRI and US may also be valuable when 
the relationship of a mass to the kidney or to other 
retroperitoneal organs or vessels needs to be deter- 
mined. Angiography and nuclear scintigraphy have 
limited and specific roles in the evaluation of adrenal 
gland abnormalities. 

The CT scan can image the normal adrenal gland in 
nearly all patients. Most adrenal masses can be detected 
when 5 mm or thinner slices are acquired. Oral con- 
trast administration is not usually necessary in the 
evaluation of the adrenal gland. Intravenous contrast 
administration with enhancement of the kidney, liver, 
or pancreas may be helpful to distinguish an adrenal 
mass from these organs. In addition, intravenous con- 
trast enhancement may be a valuable adjunct for char- 
acterizing an adrenal mass. Following unenhanced and 
intravenous contrast-enhanced CT, rescanning through 
the adrenals 15 minutes after the start of contrast 


material injection can be used to assess contrast mate- 
rial washout for indeterminate adrenal masses. This 
is discussed later in the chapter. CT guidance can 
also be used for percutaneous needle biopsy of an 
adrenal mass. Biopsy of an adrenal mass can be accom- 
plished with the patient in a prone position, but often 
this necessitates steep-needle angulation to avoid 
transgressing the pleural space in the posterior sulcus. 
The transhepatic approach, which avoids the pleural 
space and the need for cephalocaudal needle angula- 
tion, is an effective method for biopsy of a right adrenal 
mass. A useful alternative to the prone position is the 
ipsilateral decubitus position, particularly when a left 
adrenal mass is to be sampled. This position elevates 
the dependent diaphragm and reduces respiratory 
excursion of the ipsilateral thorax and upper abdomen, 
thereby reducing the risk of pleural entry by the biopsy 
needle. 

MRI of the adrenal gland should include T1- and 
T2-weighted images. The normal adrenal gland has low 
to intermediate signal on both T1- and T2-weighted 
images. Chemical-shift imaging (in phase and out of 
phase) is the mainstay of MRI of the adrenal glands and 
can be performed with T1-weighted, gradient-echo 
pulse sequences. Echo times for chemical-shift imaging 
vary by magnetic field strength. At 1.5 T, the echo time 
for in-phase imaging is 4.6 ms and for out-of-phase 
imaging is 2.3 ms, whereas at 3 T, the echo time for 
in-phase and out-of-phase imaging is 2.3 and 1.1 ms, 
respectively. Although surface coils have been used, the 
body coil provides a larger field of view and makes 
the evaluation less cumbersome. The transverse and 
coronal imaging planes are most often used to evaluate 
the adrenal gland. With respect to demonstrating the 
healthy adrenal gland and masses exceeding 1 to 2 cm 
in diameter, MRI is comparable with CT. Multiplanar 
imaging may be useful in the evaluation of the origin 
and extension of a large upper-quadrant mass. 

Normal adrenal tissue is usually slightly lower in 
signal intensity than that of normal liver and renal 
cortex on T1-weighted images. On T2-weighted images, 
the healthy adrenal gland may be difficult to distinguish 
from adjacent retroperitoneal fat. 

US can be used to evaluate the normal adrenal gland, 
but it is variably successful because of the small size of 
the adrenal gland and its frequent obscuration by ret- 
roperitoneal fat. One method to image the right adrenal 
gland uses a lateral or anterior approach with the 
patient in the supine or left lateral decubitus position. 
Scanning through the ninth to tenth intercostal spaces 
is performed. An imaginary line connecting the center 
of the right kidney and the inferior vena cava should 
pass through the right adrenal gland in either the sagit- 
tal plane or the transverse plane. The left adrenal gland 
is imaged on a coronal plane by scanning in the poste- 
rior axillary line with the patient in the right lateral 
decubitus position. An imaginary line drawn through 
the spleen or the left kidney to the aorta should inter- 
sect the left adrenal gland. Normally, the adrenal gland 
appears as a hypoechoic triangular or semilunar struc- 
ture, but often only echogenic retroperitoneal fat is 
seen. Ultrasound plays a greater role in the examination 
of the patient with a known or suspected adrenal mass 
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FIGURE 9-3 A, Longitudinal ultrasound image shows a hyperechoic 
mass (arrow) superior to the right kidney (K), suggestive of fat within 
the mass. B, Computed tomography confirms the presence of mac- 
roscopic fat in the mass, consistent with myelolipoma (arrow). 


lesion. It is particularly valuable when there is a need 
to distinguish an adrenal mass from one originating 
from the upper pole of the kidney, the liver, or the 
pancreas. In some patients an adrenal mass can be 
characterized accurately sonographically, such as when 
the fat content of an adrenal myelolipoma is recognized 
(Fig. 9-3). 

Imaging of the adrenal glands with radiopharmaceu- 
ticals provides functional information that is unavail- 
able from other imaging modalities. Radioactive iodine 
I'*!-labeled 6-beta-iodomethyl-19-norcholesterol (NP- 
59) is a cholesterol analog that accumulates in adreno- 
cortical tissues. Adrenal uptake of NP-59 is affected by 
circulating levels of ACTH and is inversely related to 
the size of the body cholesterol pool. Exogenous corti- 
costeroid administration suppresses pituitary secretion 
of ACTH, decreasing baseline adrenal uptake of this 
radiotracer. In the presence of a known hyperfunction- 
ing adrenal lesion, administration of a potent cortico- 
steroid, such as dexamethasone, before an NP-59 scan 
permits assessment of the autonomy of the adrenal 
lesion. Furthermore, the distribution of adrenal radio- 
activity after dexamethasone suppression distinguishes 
between lesions that are unilateral (i.e., neoplasm) from 


those that are bilateral (i.e., hyperplasia). This radio- 
pharmaceutical has been shown to be useful in the 
evaluation of patients with biochemical evidence of 
adrenal hyperfunction. 

Functional lesions of the adrenal medulla can be 
imaged using I'*'- or I'*-labeled meta-iodobenzyl-gua- 
nidine (MIBG) and In'!'-octreotide. Radioiodine-labeled 
MIBG is a radiopharmaceutical that bears a structural 
similarity to norepinephrine. In''!-octreotide is a soma- 
tostatin analog taken up by some neuroendocrine 
tumors, including most pheochromocytomas. Both of 
these radionuclides have been effectively used in the 
assessment of patients with suspected extra-adrenal 
or recurrent pheochromocytomas. They also may be 
used to evaluate sites of metastases in patients with 
malignant pheochromocytoma and to follow patients 
with multiple endocrine neoplasia (MEN) syndromes. 
Radioiodine-labeled MIBG and In'''!-octreotide are 
somewhat complementary in that virtually all pheo- 
chromocytomas show uptake of at least one of these 
agents (Fig. 9-4). 

Fluorine-18 fluorodeoxyglucose (FDG) positron 
emission tomography (PET) and PET-CT scanning have 
shown great promise in detecting adrenal malignancies. 
PET-CT has high sensitivity and specificity for lesion 
detection and classification of lesions as benign or 
malignant (Fig. 9-5). False-positive diagnosis of malig- 
nancy at PET-CT is uncommon (approximately 5% of 
cases) and may be secondary to inflammatory/ 
granulomatous processes (including sarcoidosis and 
tuberculosis), adrenal cortical hyperplasia, or abnor- 
malities adjacent to the adrenal gland. False-negative 
diagnosis may occur secondary to hemorrhage or 
necrosis within an adrenal mass. 

There are several specific indications for angiogra- 
phy in the evaluation of the adrenal gland. Patients may 
undergo adrenal arteriography as part of a comprehen- 
sive arteriographic examination to determine the organ 
of origin of a large abdominal mass if this remains 
unclear despite adequate evaluation by cross-sectional 
imaging. Adrenal venography and venous sampling are 
reserved for patients with primary aldosteronism or, 
more rarely, Cushing syndrome; in these patients 
adenoma must be distinguished from adrenal hyperpla- 
sia. Total-body venous sampling can be used effectively 
when the site of recurrent or persistent pheochromo- 
cytoma is sought. Complications of adrenal venography 
include extravasation, venous thrombosis, adrenal 
infarction, and minor retroperitoneal hemorrhage. 


== MASSES OF THE ADRENAL GLAND 
Adenoma 


Adrenal masses are identified in up to 5% of patients 
who undergo abdominal CT examination. Most of these 
masses are adenomas, benign tumors of the adrenal 
cortex. A majority of adenomas are nonfunctional and 
are discovered as an incidental finding. The majority of 
nonhyperfunctioning adenomas consist of large cells 
containing abundant cytoplasmic lipid. Functional 
adrenal adenomas may be the cause of Cushing syn- 
drome, primary hyperaldosteronism, virilization, or 
feminization. 
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FIGURE 9-4 A, T2-weighted magnetic resonance image shows a 
hyperintense left adrenal mass (arrow). Incidentally noted is 
decreased signal intensity of the liver, spleen, and bone marrow con- 
sistent with hemosiderosis. B, Posterior view from an I'?*-meta- 
iodobenzyl-guanidine scan shows accumulation of the radiotracer in 
the left adrenal gland (arrow). Pheochromocytoma was confirmed at 
surgery. 


Size, contour, attenuation values on precontrast and 
postcontrast imaging, and growth are features that are 
used frequently to characterize adrenal masses by 
cross-sectional imaging (Table 9-1). There are two key 
properties of adrenal adenomas that can be exploited 
with imaging for diagnosis. First, most adenomas have 
increased intracellular lipid content. This results in 
near-zero attenuation values on unenhanced CT. Atten- 
uation values of less than 10 Hounsfield units (HU) are 
specific for lipid-rich adrenal adenoma, with 80% sen- 
sitivity and 95% specificity in differentiating adenomas 
from adrenal metastases. The majority of masses with 
measured attenuation less than 10 HU are lipid-rich 
adenomas (Fig. 9-6). The second feature important for 
imaging diagnosis of adrenal adenomas results from the 
fact that adenomas, even the lipid-poor group, have 
more rapid contrast material dissipation, or washout, 


FIGURE 9-5 A, Axial computed tomography (CT) image shows a 
right adrenal mass (arrow) in a patient with lung cancer. B, Positron 
emission tomography-CT (PET-CT) shows avid fluorodeoxyglucose 
uptake in the mass (arrow) consistent with metastasis. False-positive 
diagnosis of adrenal malignancy is uncommon on PET-CT. 
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TABLE 9-1 Differentiation of Adenoma and Metastasis 


Adenoma Metastasis 
Size at Often < 3 cm Variable 
presentation 
Change in size No Yes 
over time 
Measured CT <10 HU >10 HU 
attenuation (unenhanced CT) (unenhanced CT) 
Contrast 260% absolute, <60% absolute, 
washout 240% relative <40% relative 
Signal intensity* Isointense-to- Hyperintense to 
hypointense to liver 
liver 
Out-of-phase Decreased Same or 
image’ increased 


*On a conventional T2-weighted image. 

‘Out-of-phase image refers to the signal intensity of the mass on a T1-weighted 
gradient-echo out-of-phase image compared with an in-phase image. 

CT, Computed tomography; HU, Hounsfield units. 


FIGURE 9-6 An incidentally discovered left adrenal nodule has mea- 
sured attenuation values of less than 10 HU on unenhanced imaging. 
This is consistent with a lipid-rich adenoma. HU, Hounsfield units. 


than metastatic tumors (Box 9-1). Combining the find- 
ings of attenuation 10 HU or less on unenhanced CT 
and an absolute contrast material washout value of 60% 
or greater on a 15-minute-delayed CT scan, 98% of 
adenomas can be distinguished from nonadenomas 
(Fig. 9-7). If unenhanced images were not obtained, 
relative washout can be calculated based on attenuation 
values of the adrenal mass on dynamic and 15-minute- 
delayed images. Relative washout of 40% or more sup- 
ports the diagnosis of adenoma. Adrenal washout 
calculators are readily available on the Internet. In 
addition, most adrenal adenomas are 3 cm or smaller 
in diameter at the time they are discovered, and it is 
rare for these tumors to measure over 6 em when ini- 
tially detected. The contour of these tumors is usually 
well defined and smooth. The typical appearance is a 
solid and homogeneous mass with an attenuation that 


BOX 9-1 Calculating Adrenal Enhancement 
Washout 


Absolute percentage washout = (E — D)/(E — U) x 100 
Relative percentage washout = (E — D)/E x 100 
where: 
E = CT attenuation of adrenal mass during the portal 
venous phase of contrast enhancement 
D = CT attenuation of adrenal mass on a 15-minute- 
delayed scan 
U = CT attenuation of adrenal mass on an unenhanced 
sean 
An absolute percentage washout = 60% or relative washout 
> 40% is required for diagnosis of adenoma. 


CT, Computed tomography. 


is lower than that of adjacent muscle. Calcification and 
central necrosis are unusual in adenomas (Fig. 9-8). An 
important feature of an adrenal adenoma is that this 
tumor is stable in size at serial imaging for intervals of 
up to 2 years. 

Adenomas larger than 1 to 1.5 cm in diameter can 
be evaluated with MRI. Although the signal intensity of 
this tumor on T1- and T2-weighted images may be 
useful in characterization, unfortunately it is not always 
specific. Nonfunctional adenomas are usually isoin- 
tense with normal adrenal tissue on T1- and T2-weighted 
images. These tumors are isointense to the liver on 
T1-weighted images and isointense-to-slightly hyperin- 
tense to the liver on T2-weighted images. A number of 
techniques have been investigated to distinguish adeno- 
mas from other adrenal masses on high-field MRI, 
including calculated T2 relaxation time, dynamic 
contrast-enhanced imaging, and chemical-shift gradient- 
echo imaging. 

Chemical-shift imaging has become the standard 
MRI method for characterizing adrenal adenomas. The 
chemical-shift family of pulse sequences is based on the 
difference in resonance frequency between the two 
major constituents of the hydrogen resonance spec- 
trum: water and triglyceride protons. This difference 
translates to a frequency shift of 224 Hz on a 1.5-T 
system and 445 Hz on a 3-T system. At 1.5 T protons 
in fat and water cycle in phase and out of phase approx- 
imately every 2.2 ms, and at 3 T this cycle occurs 
approximately every 1.1 ms. If the echo is sampled 
when water and fat are in phase, the fat and water 
combine to generate a larger signal than an echo col- 
lected when they are out of phase. With gradient-echo 
pulse sequences and short echo times, the signal inten- 
sity of an adrenal mass can be evaluated using in- 
phase and out-of-phase pulse sequences. Adrenocortical 
adenomas consist of large, lipid-laden cells similar to 
those of the zona fasciculata, and they are unlike most 
adrenal metastases and pheochromocytomas, although 
some malignant tumors may contain cytoplasmic lipid 
(e.g., hepatocellular carcinoma, renal cell carcinoma, 
liposarcoma, well-differentiated adrenocortical carci- 
noma). Postulating that the cancellation of signal in 
masses containing water and fat protons in the same 
voxel (i.e., adenomas) would result in a relative 
decrease in signal intensity on opposed-phase images, 


Imaging of the Adrenal Glands 343 


37.04 HU, 23.1 sd 


Contrast material washout in an adrenal adenoma. A, Unenhanced computed tomography (CT) scan 
shows a homogeneous low-attenuation adrenal nodule with attenuation of 6 HU (typical of a lipid-rich adenoma). 
B, On the portal venous phase of contrast enhancement, the nodule enhances with attenuation values of 86 HU. 
C, On 15-minute-delayed CT, the mass has decreased enhancement with attenuation of 32 HU. The contrast enhance- 
ment during the portal venous phase washed out by 68% by the time of the delayed scans, confirming that this is an 
adenoma. Absolute washout of 60% or greater is diagnostic of an adenoma (see Box 9-1). HU, Hounsfield units. 
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adenoma. 


chemical-shift imaging can characterize adrenal masses 
with a sensitivity of 80% to 90% and a specificity of 95% 
to 100% (Fig. 9-9). By contrast, other adrenal masses 
(most metastases and pheochromocytomas) and refer- 
ence tissues, such as muscle and spleen, do not contain 
fat and should not demonstrate significant change in 
signal intensity between in-phase and opposed-phase 
sequences (Fig. 9-9B). False-negative results may be 
caused by unusually small amounts of fat in adenomas; 
false-positive results could be explained by the pres- 
ence of small amounts of fat reported rarely in masses 
other than adenomas. 

Whereas most adrenal adenomas contain micro- 
scopic cytoplasmic lipid, adenomas may occasionally 
contain macroscopic fat. This has been described in 
adenomas with areas of lipomatous metaplasia that 
appear as oval or circular areas of fat density within an 
adrenal adenoma (Fig. 9-10). 


Adrenal Metastases 


If surgery is contemplated in a patient with a history of 
a primary malignancy, particularly lung, breast, kidney, 
or melanoma, metastasis must be excluded when an 
adrenal mass is discovered because this would indicate 
stage IV disease. Adrenal metastasis occurs in 10% to 
as many as 30% of patients early in the course of non- 
small cell lung cancer, and the autopsy incidence is as 
high as 40%. Similarly, as many as 30% of patients with 
breast cancer will have adrenal metastasis at the time 
of radiologic staging. Despite these statistics, the preva- 
lence of adrenal metastasis in a patient with an adrenal 
mass and history of cancer ranges from 33% to 75%. 
Therefore even when bilateral adrenal masses are dis- 
covered, one should not assume they are metastatic in 
origin (Box 9-2 and Fig. 9-11). 

Although no specific radiologic signs of adrenal 
metastasis have been identified, the suspicion of malig- 
nancy should be raised when several observations are 
made. Change in size on serial imaging studies may be 
a more valuable parameter than absolute size on any 
given study. Although malignant adrenal tumors grow 
more rapidly, and therefore generally are larger at 


BOX 9-2 Bilateral Adrenal Masses 


COMMON 


Adenoma 
Metastases 


UNCOMMON 


Hemorrhage 

Lymphoma 

Granulomatous infection, subacute stage 
Pheochromocytoma 


detection, metastases to the adrenal gland can be as 
small as 1 cm or as large as 10 cm when discovered. If 
an adrenal mass grows during a 4- to 6-month period 
of observation, or if it clearly decreases in size during 
systemic treatment of the primary malignancy, it is 
reasonable to assume that it is a metastatic lesion (Fig. 
9-12). When small, a metastasis can have a radiologic 
appearance similar to that of an adrenal adenoma 
(i.e., a well-cireumscribed mass with homogeneous 
attenuation). However, several features of small tumors 
(<5 cm) suggest malignancy, including an irregular or 
poorly defined margin, moderately-to-markedly inho- 
mogeneous attenuation, and an enhancing thick rim 
or nodular margin. On rare occasions, a metastasis 
can occur in the adrenal gland adjacent to or within a 
benign lesion such as adenoma. When two tumors of 
different histology are present in the same adrenal 
gland, it is known as a collision tumor (Fig. 9-13). Inva- 
sion of local viscera or bone suggests malignancy. 
Finally, metastasis to the adrenal glands is often 
accompanied by evidence of widespread metastases to 
other organs, particularly liver, retroperitoneal nodes, 
or lung. 

When the cause of an adrenal mass must be deter- 
mined in a patient with a known primary malignancy, 
percutaneous needle biopsy is a safe and accurate alter- 
native to additional or follow-up imaging. Because this 
invasive procedure is not without risk, it is important 
to establish before biopsy is performed that determin- 
ing the nature of the adrenal mass will have a significant 
impact on therapy or prognosis. The positive and nega- 
tive predictive value of image-guided needle biopsy in 
patients with a history of lung cancer is 100% and 90%, 
respectively. However, the negative predictive value is 
only approximately 80% when the adrenal biopsy speci- 
men is nondiagnostic; false-negative adrenal biopsy 
results have been reported. Therefore in patients with 
a history of cancer in whom the pretest probability of 
adrenal metastasis is high, repeated aspiration or biopsy 
of an adrenal mass should be considered when the 
pathology report is nondiagnostic. 

In the patient with no known history of malignancy, 
it is unusual for an incidentally discovered adrenal 
mass to be the initial presentation of a distant primary. 
This occurs less than 1% of the time. In these patients 
a role may exist for MRI or serial imaging studies to 
assess for change in size. On MRI, adrenal metastases 
tend to be of higher signal intensity than liver paren- 
chyma on T2-weighted images. On T1-weighted images, 
the signal intensity of adrenal metastases is typically 
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Adrenal adenoma. A, In-phase image at 3-T mag- 
netic resonance imaging (TE = 2.46 ms) shows a right adrenal 
mass (arrow) that is isointense to the liver. B, Out-of-phase 
image (TE = 1.23 ms) shows marked signal loss in the adrenal 
mass (arrow) secondary to the presence of water and fat 
protons in the same voxel. Note that there is no loss of signal 
in the paraspinal muscles. C, On unenhanced computed tomog- 
raphy (CT), a homogeneous low-attenuation adrenal nodule 
(arrow) is seen. This had attenuation values less than 10 HU. 
Magnetic resonance imaging and CT are diagnostic of lipid-rich 
adrenal adenoma. HU, Hounsfield units; TE, echo time. 
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FIGURE 9-10 A left adrenal nodule has a small, round internal focus 
that measures fat attenuation (arrow). At resection, this was shown 
to be an adenoma with lipomatous metaplasia. Macroscopic fat in an 
adrenal nodule is more typical of myelolipoma and is rarely seen with 
adrenal cortical carcinoma. 


FIGURE 9-11 Bilateral adrenal masses in a patient with carcinoma 
of the lung. Although these masses have a lobulated contour, each 
had a measured computed tomography (CT) attenuation less than 
0 HU. A biopsy of the left adrenal mass was taken and was proven to 
be an adenoma. At 2 years of follow-up evaluation with serial CT 
scans, there was no change in size. HU, Hounsfield units. 


FIGURE 9-12 Adrenal metastases. A, Uninfused computed tomog- 
raphy demonstrates bilateral nodular adrenal masses. Percutaneous 
needle biopsy of the left adrenal gland showed metastatic lung cancer. 
B, After chemotherapy the adrenal masses are smaller. 


BOX 9-3 Pheochromocytoma 


5% Inherited: multiple endocrine neoplasia IIA and IIB, von 
Hippel-Lindau, type I neurofibromatosis 
10%: Bilateral, extra-adrenal, malignant 
Ps: high blood pressure (90%), palpitations, perspiration, 
pain (headache) 
Computed tomography: 22 cm in diameter, homogeneous 
attenuation, rarely cystic 
Magnetic resonance imaging: hyperintense on conventional 
T2-weighted image 


lower than that of liver and retroperitoneal fat. Metas- 
tases also tend to have a different dynamic enhance- 
ment pattern than that of adrenal adenomas, and the 
same signal intensity on opposed-phase images com- 
pared with in-phase gradient-echo T1-weighted images 
(Fig. 9-14). 


Pheochromocytoma 


Pheochromocytoma, a neoplasm of chromaffin cells, 
has the capacity to store and release catecholamines 
(Box 9-3). Although these tumors account for only 0.1% 
of causes of hypertension, pheochromocytomas are 
important as a cause of reversible hypertension and 
may cause sudden death resulting from hypertensive 
crisis or shock, or both. Despite their importance, as 
many as 60% of tumors identified during autopsy were 
unsuspected during the patient’s life. 

Most pheochromocytomas occur sporadically, but in 
approximately 5% of patients pheochromocytoma is 
inherited as an autosomal dominant trait, either alone 
or in combination with other abnormalities. Pheochro- 
mocytoma may occur as a part of the MEN syndromes. 
Sipple syndrome (MEN IIA) consists of medullary car- 
cinoma of the thyroid (98% to 100% of patients), pheo- 
chromocytoma (50% of patients), and parathyroid 
adenoma or hyperplasia with associated hyperparathy- 
roidism (20% of patients). The MEN IIB syndrome con- 
sists of medullary carcinoma of the thyroid (98% to 
100%), pheochromocytoma (50%), and multiple mucosal 
neuromas of the tongue and lips (95% to 98%). Pheo- 
chromocytomas associated with the MEN syndromes 
are often multicentric and frequently bilateral. Approx- 
imately 10% of patients with retinal cerebellar heman- 
gioblastomatosis (von Hippel-Lindau syndrome) and 
less than 1% of patients with type I neurofibromatosis 
also have a pheochromocytoma (Fig. 9-15). There is 
also an increased prevalence of pheochromocytoma 
in patients with Carney syndrome (triad of pheochro- 
mocytoma, pulmonary chondroma, and gastric leio- 
myoma), Sturge-Weber syndrome, and tuberous 
sclerosis. 

In adults 90% of sporadic pheochromocytomas origi- 
nate in the adrenal medulla, and 10% are extra-adrenal 
in origin. Paraganglioma is the preferred term for 
extra-adrenal pheochromocytomas. Bilateral adrenal 
pheochromocytoma occurs in 7% of adults with a 
pheochromocytoma. In children 30% of pheochromo- 
cytomas are extra-adrenal, and bilateral adrenal pheo- 
chromocytoma occurs in 25% of patients. The majority 
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Collision tumor. A, Unenhanced image from a computed tomography (CT) in 2010 shows a homoge- 
neous low-attenuation nodule with attenuation of 4 HU, consistent with adenoma. B, Unenhanced image from a CT 
in 2013 after the patient was diagnosed with lung cancer shows that the nodule has changed in attenuation values, 
now greater than 10 HU. C, Intravenous contrast-enhanced CT shows heterogeneous enhancement of the nodule with 
ill-defined margins. D, Positron emission tomography-CT shows avid fluorodeoxyglucose uptake by the adrenal nodule. 
Findings are consistent with adrenal metastasis in a patient with a preexisting adrenal adenoma (collision tumor). 


HU, Hounsfield units. 


of extra-adrenal pheochromocytomas (paragangliomas) 
are located within the abdomen and originate in chro- 
maffin cells of paravertebral sympathetic nerves or 
nerve plexi (Fig. 9-16). The most common location of 
an extra-adrenal retroperitoneal paraganglioma is the 
organs of Zuckerkandl, which encompasses all chro- 
maffin cell-bearing tissue along the lower abdominal 
aorta from the origin of the inferior mesenteric artery 
to the aortic bifurcation and into the iliac vessels. 


The majority of pheochromocytomas are benign. 
Although nuclear atypia, pleomorphism, and multinu- 
cleation are suggestive, it is impossible to determine 
malignancy based on histopathologic criteria alone. 
The diagnosis of malignant pheochromocytoma depends 
heavily on documenting local invasion or distant metas- 
tases. Malignant tumors tend to be slow growing and to 
metastasize to the liver, bone, regional lymph nodes, 
and lung. Between 6% and 10% of adrenal pheochromo- 
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Adrenal metastasis on magnetic resonance imaging in a patient with prior right nephrectomy for renal 
cell carcinoma. A, T2-weighted image with fat saturation demonstrates a T2-hyperintense right adrenal mass (arrow). 
B, The adrenal mass (arrow) is hypointense relative to the liver and retroperitoneal fat on in-phase T1-weighted 
gradient-echo image. Note susceptibility artifact from a surgical clip adjacent to the adrenal gland (asterisk). C, On 
opposed-phase image, no significant drop in signal is seen within the adrenal mass (arrow). Contrast this with the 
loss of signal in the adrenal adenoma on opposed-phase imaging in Fig. 9-9. The mass had also enlarged compared 


with a prior examination and is consistent with metastasis. 


cytomas and approximately 15% of extra-adrenal pheo- 
chromocytomas (paragangliomas) are malignant. 

The majority of the clinical manifestations of pheo- 
chromocytoma result from the known physiologic 
effects of catecholamine release. The classic clinical 
feature ascribed to pheochromocytoma is the parox- 
ysm or crisis consisting of headache, palpitations, and 


diaphoresis; approximately 60% of patients experience 
one or more of these symptoms weekly, and the remain- 
der usually have one or more daily. Although these 
paroxysms are distinctive, hypertension is the most 
common feature; it occurs in more than 90% of patients. 
The biochemical diagnosis of pheochromocytoma can 
be made based on elevated serum metanephrine levels 
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Bilateral adrenal pheochromocytomas. Enhancing 
bilateral adrenal nodules are seen in a patient with von Hippel-Lindau 
syndrome (arrow in A and B). Because of symptoms and elevated 
urine metanephrines, the nodules were resected and proven to be 
pheochromocytomas. 


or on a 24-hour collection of urine, provided the patient 
is symptomatic or hypertensive during the collection 
period. Collected urine is analyzed for levels of free 
catecholamines (epinephrine and norepinephrine) and 
catecholamine metabolites (metanephrines). 

CT is the preferred initial imaging choice because 
the majority of adrenal pheochromocytomas are 2 cm 
or more in diameter at diagnosis. Although alpha- 
adrenergic blockade was administered before CT 
imaging in the era of ionic iodinated contrast agents, 
this is not necessary with the current nonionic iodin- 
ated contrast agents used for CT. Contrast-enhanced 
CT can be safely performed in patients with suspected 
pheochromocytoma. 

If an adrenal mass is detected in a patient with bio- 
chemical evidence of a pheochromocytoma, surgical 
excision is the appropriate treatment. When smaller 
than 3 to 4 cm, these tumors typically are well bce, 
and of homogeneous soft-tissue attenuation (Fi -17). 
Larger tumors are more likely to contain areas of coated 
necrosis and hemorrhage (Fi; 8). Calcification, 


Paraganglioma (extra-adrenal pheochromocytoma). 
A, Contrast-enhanced computed tomography image shows an avidly 
enhancing mass (arrow) in the aortocaval region in a patient with 
symptoms of pheochromocytoma. B, I'**-meta-iodobenzyl-guanidine 
scan shows avid uptake in the aortocaval mass (arrow), consistent 
with paraganglioma. 


which may be conglomerate or curvilinear, has been 
reported, but it is found in fewer than 5% of pheo- 
chromocytomas. Extra-adrenal pheochromocytomas 
(paragangliomas) are usually larger than adrenal pheo- 
chromocytomas; the average diameter in one series was 
8.6 cm. The location of abdominal paragangliomas is 
closely related to the distribution of the aorticosympa- 
thetic chain; 60% are at or pabhove the kidneys, and 40% 
are below the kidneys (Fi L9). 

Some advocate the routine 1 use of MRI in the search 
for a pheochromocytoma or paraganglioma, but as a 
general rule, CT is equally accurate, readily available, 
completed more quickly with fewer artifacts, and less 
expensive. The classic description of adrenal pheochro- 
mocytoma on T2-weighted MR images is a well-defined, 
hyperintense adrenal mass, with signal intensity greater 
than that of liver and muscle and greater than that 
of fat. Unfortunately, the classic lightbulb bright T2- 
imaging appearance is seen in half or less of pheochro- 
mocytomas, and its presence is not diagnostic (Fig. 

-20). The signal intensity on long Tp sequences is 
consistently higher than the signal intensity of adeno- 
mas, regardless of the size of the pheochromocytoma; 
however, on fast or turbo spin-echo imaging, these 
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FIGURE 9-17 Pheochromocytoma. A, Patient presented with 
abdominal pain and was found to have acute pancreatitis (asterisk). 
A small left adrenal nodule is present (arrow). B, Four years later, a 
computed tomography showed enlargement of the homogeneous left 
adrenal nodule (arrow) and the patient was found to have elevated 
urine metanephrines. Constellation of findings is consistent with 
pheochromocytoma and this was confirmed at surgery. 


tumors may not be as hyperintense as on a conven- 
tional spin-echo sequence. The presence of blood 
products also may reduce the signal intensity of a pheo- 
chromocytoma on T2-weighted images. Other tumors 
that are predominantly cystic or primary adrenal cysts 
may have a similar appearance. 

Angiography is not routinely used in the evaluation 
of pheochromocytoma. Pheochromocytomas are hyper- 
vascular masses on arteriograms in 80% of patients, but 
avascular regions can be seen in 20% of tumors because 
of central necrosis. Adrenergic blockade may be indi- 
cated before adrenal arteriography because of the risk 
of precipitating a fatal hypertensive crisis, although this 
was more of a concern with ionic iodinated contrast 
agents that are no longer used in clinical practice. 


BOX 9-4 Adrenal Cortical Carcinoma 


Very rare primary adrenal malignancy 

Approximately 40% hyperfunctional: 
17-ketosteroids 

Often 6 em or larger, heterogeneous attenuation, foci of cal- 
cification in 30% 

Locally invasive, metastases to the liver, lung, and bone 


elevated urine 


Total-body venous sampling can be an effective, albeit 
tedious, way to search for a recurrent pheochromocy- 
toma that is occult on CT scans. In this procedure 
venous blood samples are collected at multiple sites in 
the chest, abdomen, and pelvis and are analyzed for 
catecholamine concentration. A site with a markedly 
elevated level of catecholamines in the venous effluent 
harbors the tumor. 

Adrenal medullary scintigraphy can be used to local- 
ize pheochromocytomas and paragangliomas, although 
its role is typically secondary to that of CT and MRI. 
The search for an occult, recurrent, or extra-adrenal 
pheochromocytoma can also be accomplished by 
adrenal scintigraphy with the radiopharmaceuticals 
I'°!-MIBG or I'*°-MIBG and In'''-octreotide. This evalu- 
ation is a more practical way of examining the entire 
body than venous sampling and is of value in the local- 
ization of extra-adrenal pheochromocytomas. I'*!-MIBG 
and In'''-octreotide imaging have sensitivities of 75% 
and 90%, respectively, for detection of pheochromocy- 
toma. These radionuclides have complementary affini- 
ties as virtually all pheochromocytomas accumulate at 
least one of these agents. 


Adrenal Cortical Carcinoma 


Adrenal cortical carcinoma (adrenocortical carcinoma) 
is a tumor of adrenal cortical tissue that is extremely 
rare; however, the tumor is highly malignant with a 
poor prognosis (Box 9-4). As many as 40% of these 
tumors are found to be functional; an elevated concen- 
tration of 17-ketosteroids measured in a 24-hour urine 
collection is the most sensitive endocrinologic test for 
adrenal hyperfunction. Cushing syndrome, with or 
without prominent virilizing effects, is the most 
common clinical manifestation of adrenal function 
associated with these tumors. Conn syndrome second- 
ary to hyperaldosteronism is a rare manifestation. 
Adrenal cortical carcinoma may metastasize to the 
lung, liver, peritoneum, regional lymph nodes, and 
bone. Histopathologic evidence of frank malignancy is 
often lacking, and therefore pathologists frequently rely 
on radiologic or surgical descriptions of size and inva- 
siveness to make the diagnosis. 

Several important features of adrenal cortical carci- 
noma can be observed on US, CT, or MRI. These tumors 
are usually large when discovered. The majority of 
adrenal carcinomas are 6 cm or more at presentation, 
with a mean size of 12 cm, although smaller tumors 
have also been reported. It is important to remember 
that the radiologic appearance of these smaller tumors 
may be indistinguishable from other tumors, especially 
metastasis to the adrenal gland. However, adrenal 
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Pheochromocytoma with areas of hemorrhage 
and necrosis in a patient with refractory hypertension and 
elevated urine metanephrines. A, Precontrast axial T1-weighted 
gradient-echo image with fat saturation shows an area of 
intrinsic hyperintense T1 signal (asterisk) in a large left 
adrenal mass, consistent with hemorrhage. B and C, T2- 
weighted image with fat saturation (B) and postcontrast T1- 
weighted image with fat saturation (C) show central necrosis 
(asterisk) within the mass. Pheochromocytoma was confirmed 
at surgery. 
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FIGURE 9-19 Paraganglioma on magnetic resonance imaging. A 
heterogeneous, T2-hyperintense mass is present in the left paraspinal 
region below the level of the kidneys. Surgical pathology confirmed 
the diagnosis of paraganglioma. 


FIGURE 9-20 Single-shot T2-weighted image shows the classic 
T2-hyperintense (lightbulb bright) appearance of a pheochromocy- 
toma (arrow) in a patient with hypertension and elevated urine 
metanephrines. Note that the pheochromocytoma is as hyperintense 
as the fluid in a left renal cyst (C) and more hyperintense than the 
retroperitoneal fat (F). This appearance is seen in less than 50% of 
pheochromocytomas. 


cortical carcinomas smaller than 5 cm are almost 
always functional, a fact that underscores the need for 
a thorough endocrinologie evaluation. Tumor margins 
are often irregular, ill defined, or nodular. Large tumors 
are more likely to be inhomogeneous in attenuation or 
to contain central areas of low density caused by necro- 
sis. Foci of calcification are found in as many as 30% of 
adrenal cortical carcinomas (Fig. 9-21). Foci of macro- 
scopic fat are extremely rare; however, these foci have 
been reported in adrenal cortical carcinoma. After 
administration of contrast material, the tumor typically 
enhances inhomogeneously, or a thick, nodular enhanc- 
ing rim may be seen. These radiologic signs suggest the 
diagnosis of carcinoma, but they are not specific for 
malignancy; pheochromocytoma may have an identical 
appearance. 


FIGURE 9-21 Unenhanced computed tomography image shows 
irregular calcifications (arrow) within a large left adrenal mass 
proven to be adrenal cortical carcinoma at surgery. 


Local invasion of adjacent organs or bone, one of the 
radiographic signs of malignancy, should be carefully 
sought. It is also important to seek evidence of meta- 
static spread to regional lymph nodes, liver, or venous 
tributaries including the renal vein or inferior vena cava 
(Fig. 9-22). Evidence of metastatic disease can be found 
at presentation in up to 50% of patients with adrenal 
cortical carcinomas and is another clue to the diagnosis 
of a malignant tumor. 

On T1-weighted MRI, adrenal cortical carcinomas 
are usually isointense to the liver. These tumors are 
hyperintense to the liver on T2-weighted images, and 
central areas of necrosis appear isointense to other 
body fluids (Fig. 9-23). The multiplanar imaging capa- 
bility of MRI may be of value in demonstrating the 
adrenal origin of these large tumors and direct invasion 
of tumor into liver or kidney. In addition, flow-sensitive 
sequences may be used to supplement routine spin- 
echo sequences to demonstrate inferior vena cava or 
renal vein invasion by tumor thrombus. 


Adrenal Hemorrhage 


Acute adrenal hemorrhage in adults can be spontane- 
ous or can be associated with blunt trauma, anticoagu- 
lant use, or adrenal venography. Spontaneous adrenal 
hemorrhage may occur in the setting of septicemia 
(Waterhouse-Friderichsen syndrome), disseminated 
intravascular coagulation, recent surgery, severe burn 
injury, or an adrenal neoplasm. Metastatic melanoma 
in particular is prone to spontaneous adrenal hemor- 
rhage. In adults adrenal hemorrhage is bilateral in up 
to 20% of patients and may result in acute adrenal insuf- 
ficiency (adrenal apoplexy), which frequently evades 
clinical recognition. In this situation death may occur 
if steroid therapy is not initiated promptly. 

Adrenal hemorrhage most often appears as a well- 
defined, round or oval mass lesion, ranging in size from 
1 to 5 cm. Although focal or diffuse areas of increased 
attenuation (50 to 90 HU) are most consistent with 
acute hemorrhage on unenhanced CT scans, it is more 
common for hemorrhage to be isodense to the liver, 
unenhanced renal cortex, or muscle (Fig. 9-24). On 
sonograms, acute hemorrhage typically appears as a 
mildly hyperechoic mass with a highly echogenic 
center. Subacute hemorrhage (i.e., 1 to 2 months or 


Imaging of the Adrenal Glands 353 


FIGURE 9-22 Adrenal cortical carcinoma with renal vein and infe- 
rior vena cava invasion. A, Computed tomography (CT) image shows 
a large, heterogeneously enhancing left adrenal mass (arrow). Dif- 
ferential diagnosis includes adrenal cortical carcinoma (ACC), metas- 
tasis, and pheochromocytoma. B, CT image at a lower level shows 
extension of tumor into the left renal vein (asterisk) and inferior vena 
cava (arrow). This is characteristic of ACC and not typically seen 
with other adrenal tumors. 


older) is less echogenic and may appear more cystlike 
(adrenal pseudocyst). Chronic adrenal hematomas 
may calcify over time (Fig. 9-25). Two characteristics 
of adrenal hemorrhage are that it will not enhance with 
contrast material injection and it will decrease progres- 
sively in size during a 6-month period of observation, 
when the inciting cause of hemorrhage is removed 
(Fig. 9-26). 

MRI may diagnose evolving hemorrhage in the 
adrenal gland. Focal areas or a ring pattern of high- 
signal intensity on T1-weighted images is attributed to 
the presence of methemoglobin in subacute hemor- 
rhage. Areas of low-signal intensity, typically seen in a 
ring pattern around the periphery of subacute and 
chronic hemorrhage on T2-weighted images, result 
from the magnetic susceptibility effect of methemosglo- 
bin or hemosiderin (Fig. 9-27). Although it may be 
easier to perform US or CT in a clinically ill patient, the 
potential for making a specific diagnosis makes MRI the 
preferred method for imaging suspected adrenal 
hemorrhage. 


FIGURE 9-23 Contrast-enhanced T1-weighted image with fat satu- 
ration shows a large left adrenal mass with fluid signal, nonenhancing 
components (arrows) consistent with necrosis. Adrenal cortical car- 
cinoma was found at surgery (see Fig. 9-22). 


FIGURE 9-24 Axial (A) and coronal (B) unenhanced computed 
tomography images demonstrate bilateral high-attenuation adrenal 
nodules (arrows) with a small amount of adjacent stranding in a 
patient with sepsis. Findings are consistent with bilateral adrenal 
hemorrhage. 
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Adrenal Cyst 


Primary cyst of the adrenal gland is a rare, benign, 
and usually nonfunctional lesion (Box 9-5). Sixty 
percent of adrenal cysts are subclassified pathologically 
as either lymphangiomatous, epithelial, or infectious 
types. The remaining 40% of adrenal cysts are pseudo- 
cysts (i.e., fibrous tissue-lined cysts). Pseudocysts most 
often are the sequela of chronic adrenal hemorrhage 
(see Fig. 9-27). 


BOX 9-5 Cystic Adrenal Mass 


Primary adrenal cyst 
Pheochromocytoma 
Metastasis (melanoma) 


Computed tomography image shows a peripherally 
calcified right adrenal nodule (arrow) in a patient with prior blunt 
abdominal trauma, compatible with remote adrenal hemorrhage 
(adrenal pseudocyst). This was unchanged over several years. 


When compared with renal cysts, adrenal cysts have 
more variability in their appearance. Consistent with 
endocrinologic nonfunction, adrenal cysts may be large 
(26 cm) at clinical presentation. Mass effect on adja- 
cent organs may be prominent. Large adrenal cysts can 
be difficult to distinguish from exophytic upper-pole 
renal cysts and multiplanar imaging modalities are 
most valuable in this scenario. Although an impercep- 
tible or thin (<6 mm) wall is commonly observed (Fig. 
9-28), pseudocysts may have a thick or lobulated wall 
and internal septations. Occasionally, it may be difficult 
to distinguish an adrenal cyst from a tumor that has 
undergone extensive necrosis (Fig. 9-29). Peripheral or 
curvilinear calcification is seen in as many as 15% of 
patients (see Fig. 9-25). Percutaneous needle aspiration 
can be used effectively to confirm the adrenal origin of 
these cysts and to exclude the presence of malignant 
cells. Adrenal cyst fluid, unlike the renal cyst aspirate, 
contains higher concentrations of adrenal steroid 
hormone precursors, such as DHEA or 11-deoxycortisol. 
In addition, this fluid may appear turbid due to the 
presence of cholesterol crystals. The fluid is generally 
acellular, although occasional benign lymphocytes or 
macrophages may be identified. Complete evacuation 
of cyst fluid may eliminate symptoms, making surgery 
unnecessary for management. 


Lymphoma 


Adrenal gland infiltration by lymphoma most often 
occurs with retroperitoneal or ipsilateral renal lym- 
phoma. Adrenal involvement occurs more frequently 
with non-Hodgkin lymphoma than with Hodgkin disease 
and is bilateral in as many as 50% of patients. 
Lymphoma of the adrenal glands may be imaged as 
a mass lesion or as diffuse enlargement of the gland. As 
with lymphoma in other locations, adrenal lymphoma 


Adrenal hemorrhage. A, Axial computed tomography image shows a left adrenal nodule (arrow) in a 
trauma patient. While this could represent acute adrenal hemorrhage, a follow-up examination was recommended to 
exclude an underlying adrenal lesion. B, T1-weighted image with fat saturation from a follow-up magnetic resonance 
imaging shows resolution of the adrenal nodule (arrow), consistent with resolution of adrenal hemorrhage. 
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Axial T2-weighted image with fat saturation in a patient with history of adrenal hemorrhage shows a 


T2-hypointense rim (arrows) along the periphery of a cystic left adrenal nodule, consistent with magnetic susceptibil- 
ity artifact related to the presence of hemosiderin. 


Adrenal cyst. A, Unenhanced computed tomography shows a homogeneous left adrenal nodule (arrow) 
that did not meet criteria for a lipid-rich adenoma (22 HU). B, T2-weighted image with fat saturation shows that the 
nodule is homogeneously T2 hyperintense and has a thin wall (arrow). C, Postcontrast T1-weighted image with fat 
saturation shows no enhancement of this cystic nodule (arrow). D, Coronal single-shot fast spin-echo T2-weighted 
image shows that the nodule (arrow) is separate from the upper pole of the right kidney (K). HU, Hounsfield units. 
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Large adrenal cyst. A, T2-weighted image with fat saturation shows a large T2-hyperintense cystic 
mass in the left upper quadrant with layering hypointense debris (arrow). B, Precontrast T1-weighted image with fat 
saturation shows that the cyst fluid is hyperintense (arrow). Findings in A and B are consistent with the presence of 
blood products. C, Coronal T2-weighted single-shot fast spin-echo image shows that the mass (arrow) is separate 
from the left kidney (asterisk). A similar mass was present in the right adrenal gland and both had been present for 
many years. The patient had no clinical or laboratory evidence of adrenal hyperfunction. The cyst was aspirated and 
no malignant cells were identified. A necrotic pheochromocytoma or metastasis could have a similar appearance. 


may appear on sonograms as a hypoechoic mass com- 
pared with the hepatic parenchyma. Small tumors may 
be round or oval and homogeneous in attenuation on 
CT scans, typically between 40 and 60 HU. Lymphoma 
usually enhances less intensely than adjacent renal cor- 
tical tissue. Necrotic adrenal lymphoma may appear 
like a complex cystic mass with a thick and irregular 
wall, but necrosis is not common unless the patient has 
been treated or the tumor is growing rapidly. Other 


clues to the diagnosis of adrenal lymphoma are the 
presence of concurrent retroperitoneal lymphadenopa- 
thy or a change in size with management in accordance 
with other sites of lymphoma (Fig. 9-30). Reported 
cases of adrenal lymphoma imaged with MRI have been 
of higher signal intensity than liver parenchyma on 
T2-weighted images like other malignant adrenal 
masses. PET-CT may be helpful in distinguishing adrenal 
involvement by lymphoma from other nonfunctioning 
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Adrenal and testicular lymphoma in a 57-year-old man with a history of lymphoma in remission. 
A, Three hypoechoic masses were seen on a sagittal sonogram of the right testicle. B, Computed tomography scan 
demonstrates nodular enlargement of both adrenal glands. C, After chemotherapy for lymphoma, the masses decreased 


in size, but the adrenal glands are still slightly enlarged. 


A large left adrenal mass contains macroscopic fat 
(arrow) and soft-tissue (hematopoietic) elements (asterisk). Imaging 
features are diagnostic of myelolipoma. 


adrenal tumors or adrenal hyperplasia, although low- 
grade lymphomas may not show substantial FDG 
uptake. 


Myelolipoma 


Myelolipoma is a benign, nonfunctioning tumor of the 
adrenal cortex. Such tumors are not common, the 
autopsy incidence being 0.08% to 0.20%. Pathologically, 
mature adipose and hematopoietic tissues are found in 
addition to variable foci of hemorrhage (Fig. 9-31). 
Myelolipomas are usually silent clinically, and most 
often they present as incidental adrenal masses. Symp- 
toms may occur with large tumors because of mass 
effect or with intratumoral hemorrhage. Typically, 
myelolipomas larger than 7 cm are associated with an 
increased risk of spontaneous hemorrhage (Fig. 9-32). 


Spontaneous hemorrhage of a left adrenal myeloli- 
poma. Computed tomography image shows hemorrhage into an 
adrenal mass (arrow) that had been previously characterized as a 
myelolipoma. The hemorrhage obscures the fatty elements of the 
mass. 


The presence of mature adipose tissue gives this 
tumor a characteristic appearance on imaging. If the 
myelolipoma is large, it may be detected on a plain film 
or on a pyelogram (intravenous pyelography) as a radio- 
lucent suprarenal mass that displaces the renal axis 
(Fig. 9-33A). Ultrasound images show a suprarenal mass 
of increased echogenicity, commensurate with the fat 
content of these tumors (Fig. 9-33B; see Fig. 9-3). On 
CT scans, myelolipomas are well defined but are het- 
erogeneous in attenuation because of the mixed adipose 
and myeloid constituents (Fig. 9-33C; see Fig. 9-31). In 
almost all instances, the presence of visible macro- 
scopic fat in an adrenal nodule at imaging is indicative 
of myelolipoma. Rare exceptions include the presence 
of macroscopic fat in an adrenal adenoma with focus of 
lipomatous metaplasia (see Fig. 9-10), and the even 
rarer occurrence of macroscopic fat in an adrenal 
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Typical appearance of adrenal myelolipoma. A, Coned-down view from a nephrotomogram demon- 
strates a large radiolucent mass, which indents the upper pole of the right kidney. B, Sagittal sonogram shows a 
suprarenal mass of markedly increased echogenicity. C, The heterogeneous adrenal mass is dumbbell-shaped on 
uninfused computed tomography. The mixed attenuation pattern reflects a pure fatty component anteriorly and a 


mixed adipose/myeloid component posteriorly. 


cortical carcinoma. Most myelolipomas are smaller 
than 5 cm at presentation, but tumors larger than 
20 cm have also been reported. Foci of calcification 
may also be seen in up to one third of myelolipomas, 
particularly when hemorrhage has occurred (Fig. 9-34). 
The adipose tissue or methemoglobin within a myelo- 
lipoma appears as high-signal intensity on non-fat-sup- 
pressed T1-weighted MR images. Angiography of these 
tumors may show compressed normal adrenal tissue as 
a vascular rim around hypovascular or avascular areas 
corresponding to foci of fat. It is important to determine 
that this fat-containing mass originates from the adrenal 
gland: otherwise, a primary retroperitoneal liposar- 
coma, or renal angiomyolipoma, should be considered. 
Percutaneous needle biopsy is occasionally needed to 
make a definite diagnosis of myelolipoma. If biopsy is 
performed, it is important that fat and myeloid ele- 
ments be represented in the tissue specimen because 
the finding of adipose tissue alone may result from the 
sampling of retroperitoneal fat rather than tumor. 


m= SELECTED CLINICAL PROBLEMS IN 
ADRENAL IMAGING 


Incidental Adrenal Mass 


An adrenal mass is often discovered incidentally during 
the examination of a patient for an unrelated medical 
problem—the adrenal incidentaloma. Unsuspected 
adrenal masses are detected on up to 4% of abdominal 
CT studies. Another common setting in which an 
adrenal mass is first detected is in the staging process 


Axial computed tomography image shows a right 
adrenal mass containing macroscopic fat (F), hematopoietic elements 
(asterisk), and peripheral calcifications (arrow). Calcifications are 
seen in up to one third of myelolipomas. 
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BOX 9-6 Evaluation of an Incidental Adrenal Mass 


BIOCHEMICAL EVIDENCE OF ENDOCRINOLOGIC 
HYPERFUNCTION? 


e YES—Surgery 
e NO... 


IS THE ADRENAL MASS 2 4 CM IN DIAMETER? 


e YES—Surgery, especially if >6 cm 
e NO... 


IS THE COMPUTED TOMOGRAPHY ATTENUATION 
< 10 HU? 

e YES—Stop = adenoma 

e NO... 


IS CONTRAST WASHOUT 2 60%? 


e YES—Stop = adenoma 
e NO... 


CHEMICAL-SHIFT MRI: MASS HAS LESS SIGNAL 
INTENSITY ON OPPOSED-PHASE IMAGE WHEN 
COMPARED WITH IN-PHASE IMAGE? 


e YES—Stop = adenoma 
e NO... 


MEDICAL HISTORY OF A PRIMARY MALIGNANCY? 


e YES—PNB 
e NO—Follow-up evaluation with serial imaging or PNB 


Adapted with permission from Bilbey JH, McLoughlin RF, Kurkjian PS, et al. 
MR imaging of adrenal masses: value of chemical shift imaging for distinguish- 
ing adenomas from other tumors. Am J Roentgenol. 1995;164:637-642. 

HU, Hounsfield units; MRI, magnetic resonance imaging; PNB, percutaneous 
needle biopsy. 


in patients with a known malignancy. A rational 
approach to the evaluation of this common problem is 
essential and can be used to guide consultation with the 
referring physician and additional workup, if necessary 
(Box 9-6). 

In addition to the systematic selection and analysis 
of radiologic studies, it is important to ascertain several 
pieces of clinical information. Knowledge of a primary 
extra-adrenal malignancy that can metastasize to the 
adrenal gland is critical. Primary malignancies of the 
lung, breast, and kidney, as well as melanoma and lym- 
phoma, most frequently are associated with adrenal 
metastases. However, it is also important to note that 
between one third and two thirds of adrenal masses are 
benign, nonfunctioning adenomas in patients with a 
known history of cancer. In the patient with no known 
history of cancer, the most common cause of an adrenal 
mass is an adenoma. Although an incidentally discov- 
ered adrenal mass may be the initial presentation of a 
distant primary malignancy, this situation is distinctly 
unusual. In a patient without a history of a primary 
malignancy, an incidentally discovered adrenal nodule 
has a less than 1% chance of being malignant. In fact, 
one study that examined 1049 incidental adrenal 
masses in patients without a primary malignancy found 
that all were benign. It is also important to determine 
whether there are signs, symptoms, or biochemical evi- 
dence of the overproduction of adrenal hormones. 
Therefore patients with incidentally discovered adrenal 
masses should have a complete endocrinologic workup 


that includes overnight dexamethasone suppression 
test and a 24-hour urine collection for metanephrine, 
17-hydroxycorticosteroids, and 17-ketosteroids. If the 
patient has hypertension, plasma aldosterone concen- 
tration and plasma renin activity should also be mea- 
sured. If hyperfunction is documented, the adrenal 
mass should be removed surgically, regardless of its 
appearance on cross-sectional imaging. 

The radiologic features of an adrenal mass that may 
be useful in separating benign from malignant lesions 
include size at presentation, change in size, absolute 
attenuation values, and homogeneity of attenuation, 
margin, and enhancement pattern. In addition, the 
presence of local tissue or venous invasion by an adrenal 
mass or metastases to the lungs, liver, or regional lymph 
nodes has been equated with malignancy. 

Size of an adrenal mass is often cited as a critical 
discriminating factor for distinguishing adrenal ade- 
noma from malignancy. Although adenomas as large as 
10.5 em have been reported, adenomas measuring 
6 cm or more are rare; the majority of adenomas are 
3 cm or smaller when discovered incidentally. Metasta- 
ses to the adrenal gland vary in size; one study reported 
a range of 1 to 10 cm. The majority of adrenal cortical 
carcinomas are 6 cm or more at presentation. Combin- 
ing the data from six series, 73% of 144 adrenal cortical 
carcinomas were 6 cm or more at presentation. Carci- 
nomas are occasionally discovered when they are 
smaller than 6 cm, but they tend to be associated with 
adrenal hyperfunction, so surgical removal would be 
indicated on that basis. Size criteria alone is unreliable 
for distinguishing benign from malignant adrenal 
lesions, but as a general rule adrenal masses larger than 
4 cm without specific diagnostic imaging features (such 
as myelolipoma) should be considered for surgical 
resection. Risk of malignancy in masses measuring 4 to 
6 em has been reported to be approximately 6%. Adrenal 
masses larger than 6 cm should be resected as they 
have a higher rate of malignancy (approximately 25%). 

Dedicated adrenal CT scanning is currently the most 
accurate imaging technique for diagnosing adrenal ade- 
nomas. On unenhanced CT, densitometry is useful to 
diagnose most adenomas. Diagnosing a small, homoge- 
neous adrenal mass as an adenoma if its attenuation on 
unenhanced CT is 10 HU or less, but greater than 
-20 HU, has a sensitivity of 71% and a specificity of 98%. 
When the attenuation value of such a mass is greater 
than 10 HU on unenhanced CT, the enhancement and 
washout characteristics of the mass should be mea- 
sured (see Fig. 9-7 and Box 9-1). Lipid-poor adenomas 
(those with attenuation values >10 HU on unenhanced 
CT) usually have contrast washout features distinctly 
different from nonadenomas. An adenoma can be diag- 
nosed with 88% sensitivity and 96% specificity when 
an adrenal nodule demonstrates absolute washout 
of 60% or more on 15-minute delayed images (see 
Box 9-1). 

Histogram analysis of adrenal nodules has also been 
studied as a tool for distinguishing adenomas from non- 
adenomas. If a nodule has more than 5% negative pixel 
values (<0 HU), it is highly likely to be an adenoma. 
This can be applied to both unenhanced and enhanced 
CT. Whereas the 5% negative pixel threshold increases 
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specificity for adenoma diagnosis, the low sensitivity 
has limited its clinical utility. On unenhanced CT, a 
threshold of more than 10% negative pixel values has 
been shown to be highly specific (100%) for differentiat- 
ing adenomas from nonadenomas. 

Chemical-shift MRI is another accurate imaging 
method for characterizing adrenal adenomas. Using 
this technique, Mitchell and associates characterized 
adrenal adenomas accurately in 95% to 100% of patients. 
For indeterminate adrenal nodules on unenhanced CT 
(nodules > 10 HU), chemical-shift MRI is more likely to 
show signal drop in an adrenal adenoma on opposed- 
phase imaging if the nodule is between 10 and 30 HU 
on unenhanced CT. By contrast, analyses of relative 
signal intensity suggest that there is a 20% to 30% 
overlap between benign and malignant adrenal lesions 
on conventional T1- and T2-weighted spin-echo images 
without fat suppression. 

Percutaneous needle biopsy is highly accurate (96% 
to 100%) for diagnosis of malignant adrenal lesions and 
is a safe and effective means of distinguishing metasta- 
ses to the adrenal gland from primary adrenal tumor; 
however, pathologists may be unable to distinguish 
adenoma from carcinoma based on cytology or biopsy 
alone. The decision to perform needle biopsy should be 
discussed with a full knowledge of its potential benefits 
and risks to the patient. In the cancer patient with 
widespread metastatic disease, it is relatively unimport- 
ant to determine the nature of an adrenal mass by 
biopsy. In addition to the risk of pneumothorax and 
hemorrhage, needle biopsy also carries the small, but 
potentially fatal, risk of precipitating a hypertensive 
crisis in a patient with an occult pheochromocytoma. 
Therefore a percutaneous biopsy of an adrenal mass in 
a patient without a known malignancy and without 
evidence of other metastases should not be performed 
before laboratory studies to exclude the diagnosis of a 
pheochromocytoma. Finally, given the possibility, 
although small, of false-negative results, repeat needle 
biopsy should be considered if the pretest likelihood of 
adrenal metastasis is considered high. 


Summary of Recommendations 


1. From an endocrinologic standpoint, if the mass is 
associated with evidence of adrenal hyperfunction, 
it should be removed. 

2. Size, measured attenuation on CT, and appearance 
on chemical-shift MRI also should influence manage- 
ment decisions. Disagreement persists as to the size 
of an adrenal mass that mandates surgical removal, 
however, as a general rule, adrenal masses 4 to 6 cm 
should be considered for resection and masses larger 
than 6 cm should undergo resection given the higher 
probability of malignancy. A measured attenuation 
of the mass of 10 HU or less is predictive of an 
adenoma. Absolute contrast washout (see Fig. 9-7) 
of 60% or greater on a 15-minute-delayed CT scan is 
predictive of an adenoma. Another specific sign of 
adenoma is loss of signal intensity on opposed-phase 
gradient-echo T1-weighted imaging. Masses that are 
interpreted as being consistent with a benign tumor 
based on imaging, or those found to be benign after 
biopsy, should be followed closely with serial imaging 


to assess for growth. Lesions that show growth on a 
follow-up examination in 6 to 12 months should be 
considered for resection. Lesions that are unchanged 
for longer than a year may be considered benign. 

3. If there is a medical history of cancer, particularly 
lung, breast, renal cell, or melanoma, and provided 
the tissue diagnosis of metastasis to the adrenal 
gland would influence management, a percutaneous 
biopsy of the adrenal mass can be undertaken if it 
has features on CT or chemical-shift MRI that are 
not typical for adenoma. Biopsy should be repeated 
if the initial pathology report is nondiagnostic or 
negative for malignancy and suspicion for metastasis 
is high. 


Localization of Pheochromocytoma 


When there is biochemical evidence for a catecholamine- 
secreting tumor, the next objectives in the workup of 
the suspected pheochromocytoma are to localize and 
characterize the tumor. Not only is establishing its 
adrenal or extra-adrenal location important, but also 
the tumor must be characterized with respect to mul- 
tiplicity, tissue invasion, and presence of metastases. 

CT of the abdomen and pelvis is the imaging proce- 
dure of choice. Because pheochromocytomas are 
usually 2 cm or larger at presentation, CT is an effective 
imaging method; its detection rate equals or exceeds 
90%. If the adrenal glands and upper abdomen are 
normal, the remainder of the abdomen and pelvis 
should be imaged to search for a retroperitoneal para- 
ganglioma. As described earlier, radionuclide imaging 
with I'*!- or I'**-labeled MIBG and In"'!-octreotide can 
be used for whole-body searches for pheochromocy- 
toma when CT fails to be diagnostic. PET scanning 
(‘SF-dihydroxyphenylalanine PET-CT) has also shown 
promise for detection of pheochromocytomas and para- 
gangliomas; however, it is not widely available, cur- 
rently limited to only a few centers worldwide. 


Evaluation of Cushing Syndrome 


In 1932 Harvey Cushing described a clinical syndrome 
characterized by truncal obesity, fatigue, weakness, 
abdominal striae, amenorrhea, hirsutism, hyperten- 
sion, glycosuria, and osteoporosis. Cushing syndrome 
is a result of elevated levels of cortisol in the body. Most 
cases of Cushing syndrome are exogenous and related 
to taking corticosteroid medications over a prolonged 
period. However, Cushing syndrome may also be a 
result of endogenous causes (Box 9-7). Eighty percent 
of endogenous cases are ACTH dependent, resulting 
from adrenocortical stimulation by hypersecretion of 
ACTH either by a pituitary tumor or an ACTH-producing 
tumor (such as small-cell lung cancer). The remaining 
20% of cases are ACTH independent and result from 
the overproduction of cortisol by an adrenal neoplasm 
or, more rarely, from nodular adrenal hyperplasia 
(Fig. 9-35), which results in the suppression of ACTH 
production by the pituitary gland. 

Appropriate management requires the accurate 
distinction between ACTH-dependent and ACTH- 
independent causes of Cushing syndrome. Increased 
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FIGURE 9-35 Adrenocorticotropic hormone-independent Cushing 
syndrome caused by macronodular adrenal hyperplasia. Uninfused 
computed tomography shows enlargement of both adrenal glands 
and, in particular, there is nodular enlargement of the left adrenal 
gland. 


BOX 9-7 Cushing Syndrome (Endogenous) 


ACTH dependent in 80% 
Pituitary adenoma (Cushing disease): 85% 
ACTH-producing tumor (e.g., small-cell lung cancer; 
ectopic Cushing syndrome): 15% 
ACTH independent in 20% 
Adrenal adenoma: 67% 
Adrenal cortical carcinoma: 33% 
Bilateral micronodular or macronodular hyperplasia: rare 
Primary pigmented nodular adrenal dysplasia 
ACTH-independent macronodular hyperplasia 


ACTH, Adrenocorticotropic hormone. 


production of ACTH by a pituitary adenoma, also 
known as Cushing disease, is the cause of hypercorti- 
solism in 85% of patients with ACTH-dependent Cushing 
syndrome. Cushing disease can be evaluated with 
contrast-enhanced MRI of the pituitary gland, and if 
there are equivocal findings on MRI, petrosal venous 
sampling can be performed. A minority of cases of 
ACTH-dependent Cushing syndrome are caused by the 
autonomous production by nonpituitary tumors of 
polypeptides that are biochemically and immunologi- 
cally indistinguishable from ACTH. Most of these cases 
of ectopic Cushing syndrome have been associated with 


FIGURE 9-36 A left adrenal mass (arrow) with coarse central cal- 
cification is present in a patient with Cushing syndrome. Adrenal 
cortical carcinoma was confirmed at surgery. 


small-cell carcinoma of the lung, but carcinoid tumors 
of the bronchus, pancreas, and thymus, medullary car- 
cinoma of the thyroid, pheochromocytoma, and other 
neuroendocrine tumors have been reported to cause 
Cushing syndrome by this mechanism. 

Adrenal tumors that are associated with overproduc- 
tion of cortisol are invariably unilateral. Adrenal 
adenomas account for two thirds of the cases of ACTH- 
independent Cushing syndrome. Adrenocortical carci- 
noma, which accounts for most of the remaining third 
of cases (Fig. 9-36), commonly produces excessive 
amounts of more than one adrenal steroid hormone; 
therefore overlapping clinical features, such as Cushing 
syndrome with virilization syndrome in the female 
patient, are not uncommon. 

The radiologist should be aware of several nonradio- 
logic tests to distinguish ACTH-dependent and ACTH- 
independent Cushing syndrome, and to distinguish 
pituitary from ectopic causes of excess ACTH produc- 
tion. These tests include the following: (1) plasma con- 
centration of ACTH as measured by radioimmune 
assay, (2) high-dose dexamethasone suppression test, 
and (3) CRH stimulation test. In particular, low or 
undetectable plasma ACTH levels provide strong evi- 
dence of a primary adrenal neoplasm. These tests may 
be valuable particularly when imaging results are equiv- 
ocal or inconsistent with clinical impressions. 

Imaging of the adrenal glands is indicated when there 
is a need to confirm a primary adrenal cause for Cushing 
syndrome. Because of its availability and accuracy, 
thin-section CT is the method of choice for imaging the 
adrenal glands in the patient with ACTH-independent 
Cushing syndrome. Adrenal adenomas that cause 
Cushing syndrome are usually 2 cm or larger and 
should be identifiable on thin-section CT images. An 
incidental, nonfunctional adrenal adenoma or cortical 
nodular hyperplasia in an otherwise normal or hyper- 
plastic adrenal gland may mimic a primary adrenal 
cause for Cushing syndrome. Although an autonomous 
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BOX 9-8 Primary Hyperaldosteronism 


Adenoma (70%): surgery 

Hyperplasia (30%): 
spironolactone) 

Unilateral adrenal hyperplasia, adrenal cortical carcinoma, 
familial hyperaldosteronism: rare 

If computed tomography does not show a unilateral tumor, 
adrenal venous sampling is indicated 


medical therapy  (eplerenone, 


adrenal tumor should be associated with atrophy of 
non-neoplastic adrenal cortical tissue because ACTH 
levels are suppressed, this finding may not always be 
evident with CT. 

If the clinical suspicion of an adrenal neoplasm 
remains after a normal, thin-section CT evaluation, 
adrenal vein sampling or functional imaging with 
adrenal cortical scintigraphy should be performed. 
Adrenal vein sampling is performed to localize the site 
of a small adrenal neoplasm by measuring the concen- 
tration of cortisol from each adrenal vein. If a functional 
adrenal tumor is present, cortisol levels from the ipsi- 
lateral adrenal vein will be at least two times of the 
levels in the contralateral vein or peripheral blood. 
NP-59 scintigraphy also can be useful if an adequate CT 
evaluation cannot be performed or if false-negative CT 
results are suspected. This adrenal cortical radiotracer 
will localize to one adrenal gland in the case of an 
autonomous adrenal tumor, but it will be symmetrically 
distributed in both glands if adrenal hyperplasia is the 
cause of Cushing syndrome. 


Evaluation of Hyperaldosteronism 


Hyperaldosteronism is a syndrome associated with 
hypersecretion of the major adrenal mineralocorticoid, 
aldosterone. Clinically, patients present with polyuria, 
diastolic hypertension, hypernatremia, and signs of 
total-body potassium depletion. Primary hyperaldoste- 
ronism (Conn syndrome) suggests that the stimulus for 
aldosterone overproduction occurs within the adrenal 
gland and is independent of the renin-angiotensin 
system, whereas in secondary hyperaldosteronism the 
stimulus originates from an extra-adrenal source. 
Primary hyperaldosteronism is distinguished from sec- 
ondary hyperaldosteronism by the lack of suppression 
of aldosterone secretion during blood volume expan- 
sion. Measurement of serum renin levels can also help 
distinguish primary from secondary hyperaldosteron- 
ism, as renin levels will be suppressed in patients with 
primary hyperaldosteronism. Once primary hyperaldo- 
steronism is established, the aldosterone-producing 
stimulus must be identified radiologically (Box 9-8). 
Approximately 70% of primary hyperaldosteronism 
is caused by a solitary adrenal adenoma (Conn syn- 
drome). Bilateral adrenal hyperplasia (idiopathic 
hyperaldosteronism) accounts for about 30% cases. 
Aldosterone-producing adenomas are frequently smaller 
than 2 cm at presentation, with 20% of these adenomas 
measuring smaller than 1 cm (Fig. 9-37). Adrenocorti- 
cal carcinoma causes hyperaldosteronism in less than 
1% of patients, and when it does there is usually also 


tomography demonstrates a 1-cm enhancing nodule (open arrow) in 
the medial limb of the left adrenal gland. In contrast to nonfunctional 
adenomas, aldosteronomas almost always are smaller than 2 cm at 
clinical presentation. 


evidence for hypercortisolism. As a general rule, the 
biochemical abnormalities observed in patients with 
primary hyperaldosteronism caused by adrenal hyper- 
plasia are less pronounced than in those with hyperal- 
dosteronism caused by adenoma, but the overlap is too 
great to be of diagnostic value. Primary hyperaldoste- 
ronism associated with adenoma is managed with 
surgery, whereas that associated with hyperplasia is 
managed medically with an aldosterone antagonist such 
as eplerenone or spironolactone. Eplerenone has been 
shown to have a lower rate of side effects due to 
decreased binding affinity of androgen and progester- 
one receptors compared with spironolactone. 

The importance of the radiologic evaluation is clear 
because appropriate management critically depends on 
an accurate determination of the cause of primary 
hyperaldosteronism. Thin-section CT, in search of an 
adrenal adenoma, is the preferred method of testing. 
However, because adrenal adenomas that cause hyper- 
aldosteronism may be smaller than a centimeter in size, 
adrenal hyperplasia cannot be assumed to be the cause 
of hyperaldosteronism when the adrenal glands appear 
normal on CT scans. Therefore adrenal venography 
with venous sampling should be considered when the 
adrenal glands are normal on CT. The rationale for 
venous sampling is that venous blood from the adrenal 
gland harboring an adenoma has a relative concentra- 
tion of aldosterone 20 times greater than the unaffected 
adrenal gland. In adrenal hyperplasia, the concentra- 
tion of aldosterone should be the same in blood samples 
obtained from both adrenal veins. In general, CT accu- 
rately localizes an adenoma in about two thirds of 
patients with primary hyperaldosteronism, but venog- 
raphy with venous sampling localizes a unilateral cause 
for hyperaldosteronism in close to 90% of patients. 


Evaluation of Adrenocortical Insufficiency 


The diagnosis of adrenocortical insufficiency is made 
when characteristic clinical signs and symptoms are 
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present, and when ACTH stimulation test results are 
abnormal (Table 9-2). Primary adrenocortical insuffi- 
ciency, or Addison disease, occurs when 90% or more 
of the adrenal cortex is destroyed. Secondary adrenal 
insufficiency most commonly results from the suppres- 
sion of the hypothalamic-pituitary axis by exogenously 
administered steroids, but it may also result from 
panhypopituitarism. 

Idiopathic atrophy is the most common cause of 
subacute and chronic adrenal insufficiency in devel- 
oped countries. Adrenal atrophy likely is the result of 
an autoimmune process because circulating autoanti- 
bodies to adrenal cortical tissue are found in nearly 
50% of patients. In addition, many of these patients 
have other diseases thought to be autoimmune in 
pathophysiology. Adrenocortical destruction may also 
occur after chronic granulomatous infections, particu- 
larly tuberculosis. Disseminated histoplasmosis, blasto- 
mycosis, and coccidioidomycosis infections may also 
result in adrenocortical insufficiency. Despite the 
prevalence of metastatic disease to the adrenal glands, 
it is a relatively uncommon cause of adrenal insuffi- 
ciency. In contrast to subacute and chronic adrenal 


TABLE 9-2 Causes of Adrenocortical Insufficiency 


Acute Onset Subacute/Chronic 
Common Withdrawal of Idiopathic 
exogenous steroids (autoimmune) 
atrophy 
Bilateral adrenal Granulomatous 
hemorrhage adrenal infection 
(sepsis, trauma) (tuberculosis, 
histoplasmosis) 
Uncommon Metastases or 


lymphoma 


insufficiencies, acute adrenal insufficiency most often 
results from the rapid withdrawal of steroids from 
patients with adrenal atrophy caused by chronic steroid 
use. Fulminant hemorrhagic destruction of both adrenal 
glands, usually associated with overwhelming septice- 
mia (see Fig. 9-24), is another cause of acute adreno- 
cortical insufficiency. It is not uncommon for signs and 
symptoms of adrenal insufficiency to become apparent 
days to weeks after the actual episode of adrenal 
hemorrhage. 

Insight into the cause of adrenocortical insufficiency 
can be gained by cross-sectional imaging. Thin-section 
CT of the adrenal glands is the test of choice, and scans 
should be scrutinized for adrenal size and shape, and 
the presence of calcifications. The finding of adrenal 
glands that are clearly decreased in size is consistent 
with either idiopathic atrophy or chronic tuberculosis 
infection (Fig. 9-38). Calcification of small adrenal 
glands, if present, is more in keeping with tuberculosis 
infection than with idiopathic atrophy (Fig. 9-39 and 
Box 9-9). However, the absence of calcifications does 
not exclude a diagnosis of tuberculosis as adrenal cal- 
cification is seen in only 25% of cases. Adrenal glands 
that are clearly enlarged in the setting of adrenal insuf- 
ficiency are consistent with tuberculosis or, more rarely, 
histoplasmosis or metastatic disease. Most patients with 
adrenal tuberculosis and enlarged adrenal glands have 
a history of adrenocortical insufficiency of less than 2 
years duration. Patients with metastatic disease of the 
adrenal glands that results in adrenal insufficiency typi- 
cally have evidence of generalized metastatic disease. 


Evaluation of Virilization or Feminization 


Female virilization may be a manifestation of an 
androgen-secreting adrenal tumor or a congenital 


oi 


FIGURE 9-38 Idiopathic atrophy of the adrenal glands in a patient with adrenocortical insufficiency and lymphocytic 
thyroiditis. A and B, Serial unenhanced computed tomography scans demonstrate marked atrophy of both adrenal 
glands. This appearance could also be seen with chronic tuberculosis infection of the adrenal glands. 
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Chronic tuberculosis infection of the adrenal glands. 
Infused computed tomography demonstrates linear and nodular cal- 
cifications of both adrenal glands. 


BOX 9-9 Focal or Diffuse Calcification in an 


Adrenal Mass 


COMMON 


Chronic hemorrhage 
Tuberculosis infection 
Adrenal cyst (15%) 


UNCOMMON 


Adrenal cortical carcinoma (30%) 
Pheochromocytoma 


enzymatic defect of steroid hormone synthesis that 
results in adrenal hyperplasia (Fig. 9-40). In patients 
with adrenal neoplasm, many tumors are malignant, 
and the majority have reached sufficient size at presen- 
tation that detection with CT is likely. Virilization may 
also be caused by an ovarian tumor, and therefore eval- 
uation of the pelvis is indicated when CT scan of the 
adrenal glands is normal. 

Feminizing effects in male patients almost always 
suggest the diagnosis of adrenal cortical carcinoma, 
although adenomas have also been reported to cause 
feminization. As in the virilized female patient, thin- 
section CT and MRI of the adrenal glands are the 
imaging modalities of choice. 


Congenital adrenal hyperplasia in a patient with male 
pseudohermaphroditism. Sagittal sonograms demonstrate masslike 
enlargement of the right (A) and left (B) adrenal glands in a newborn 
with ambiguous external genitalia. 
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Interventional 
Genitourinary Radiology 


CHAPTER OUTLINE 


PERCUTANEOUS URINARY TRACT PROCEDURES 

Patient Selection and Preparation 

Imaging Guidance 

Antegrade Pyelography and the Whitaker Test 

Percutaneous Nephrostomy Drainage 

Ureteral Stenting 

Percutaneous Nephrolithotomy and Other Transrenal 
Endoscopic Procedures 

Extracorporeal Shock Wave Lithotripsy 

Transluminal Ureteral Dilatation 

Renal Cyst Aspiration and Sclerosis 

Perinephric and Renal Abscess Drainage 


In the genitourinary system as in other organ systems, 
radiologically guided interventional procedures have 
grown in usage. Interventional genitourinary radiology 
procedures are used widely, so familiarity and experi- 
ence with these procedures are necessary in most clini- 
cal settings. Growth in the use of these procedures is 
due to their minimally invasive nature. Advantages of 
these procedures include shortened hospital stay, 
diminished need for anesthesia, lower cost, and rapid 
recuperation after the procedures. Also driving the 
increase in popularity for interventional procedures 
have been improvements in equipment, including 
imaging equipment improvements and catheter and 
guidewire technology advances. 


m= PERCUTANEOUS URINARY 
TRACT PROCEDURES 


Patient Selection and Preparation 


Before percutaneous puncture of the urinary system is 
undertaken, a basic coagulation profile [international 
normalized ratio (INR) and platelet count] should be 
obtained and abnormalities reversed whenever possi- 
ble. In patients with thrombocytopenia, platelet trans- 
fusion can be performed before and during percutaneous 
urinary tract procedures. Similarly, a coagulopathy may 
be corrected if necessary. A platelet count higher than 
50,000 and INR less than 1.5 are desirable before per- 
cutaneous renal puncture, although slight deviations 
may be acceptable depending on the urgency of the 
procedure. 

Antibiotics should be administered before urinary 
tract puncture (Box 10-1). If no urinary infection is 
suspected, a broad-spectrum antibiotic (usually a ceph- 
alosporin) can be administered immediately before the 
procedure. Antibiotics can be discontinued after the 
procedure if the patient has no evidence of infection 
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Percutaneous Renal Biopsy 

Percutaneous Cystostomy 

Percutaneous Renal Tumor Ablation 

INTERVENTIONS IN INFERTILITY 

Female Infertility 

Male Infertility 

PERCUTANEOUS TRANSLUMINAL ANGIOPLASTY 

PERCUTANEOUS VASCULAR OCCLUSION 

UTERINE ARTERY EMBOLIZATION FOR THE 
TREATMENT OF LEIOMYOMAS 


when discharged. If urinary tract infection is suspected, 
but no specific organism has been cultured, the combi- 
nation of an aminoglycoside and ampicillin or a similar 
penicillin derivative should be administered immedi- 
ately before the procedure. Patients in this category 
include those with evidence of ongoing urinary tract 
infection, and those with a high risk of asymptomatic 
urinary tract infection (e.g., patients with urinary 
conduit diversions or with infection-based stones). 
Ideally, culture-specific antibiotics should be adminis- 
tered before percutaneous urinary intervention in 
patients with known urinary tract infection. In addi- 
tion, a bladder catheter should be placed in most 
patients because procedures may be protracted and 
urination with the patient in the prone position will be 
difficult. Finally, signed informed consent should be 
obtained before the procedure, with its indications and 
risks explained to the patient or surrogate (Box 10-2). 


Imaging Guidance 


Most percutaneous urinary tract procedures involve 
transrenal puncture. Although access to the collecting 
system is feasible by fluoroscopy alone, ultrasound (US) 
guidance is now commonly used to direct a needle 
into a calyx, followed by passage of a wire and further 
manipulations observed with fluoroscopy. Computed 
tomography (CT) may be used in rare cases. CT is 
especially useful to ensure a safe transrenal puncture 
in patients whose congenital urinary tract anomalies or 
abnormalities of surrounding organs can be visualized 
only with CT guidance. 

Before planning transrenal access, any available 
cross-sectional imaging should be reviewed to assess 
the position of the colon. A far lateral needle trajectory 
on either side, but particularly on the left, may risk 
traversing the colon. 
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BOX 10-1 Choice of Antibiotic Prophylaxis 


Ideal: culture-specific antibiotics 
Suspected infection: penicillin derivative and aminoglycoside 
No suspected infection: broad-spectrum cephalosporin 


BOX 10-2 Preprocedure Patient Preparation 


Serum coagulation profile 

Serum platelet count 

Prophylactic antibiotics (see Box 10-1) 
Informed consent 


BOX 10-3 


Indications for Whitaker Testing 


Distinguish obstruction from unobstructed ectasia 
Evaluate ureteral narrowing for possible intervention 
Evaluate the ureter of transplant kidney 


Antegrade Pyelography and the Whitaker Test 


Antegrade pyelography, which entails simple percuta- 
neous puncture followed by contrast injection, is per- 
formed for radiographic evaluation of the ureter and 
collecting system. Antegrade pyelography may be useful 
for patients with suspected urinary tract abnormalities 
who have contraindications to intravascular adminis- 
tration of contrast material, or those who have poorly 
functioning or obstructed kidneys. Note that retrograde 
pyelography is usually the initial test of choice in this 
setting because it is less invasive. Antegrade pyelogra- 
phy procedure may also be performed as a prelude to 
percutaneous nephrostomy (PN) drainage or Whitaker 
testing. 

The Whitaker test is used to evaluate and quantify 
suspected ureteral obstruction and is an extension of 
antegrade pyelography (Box 10-3). Both require fine- 
needle puncture and opacification of the intrarenal col- 
lecting system. With Whitaker testing, active infusion 
of dilute contrast material is used to evaluate the capac- 
itance of the urinary system to transmit varying fluid 
volumes. Following or during dynamic infusion, pres- 
sure gradients are measured between the renal pelvis 
and the bladder, and obstructions, when present, can 
be quantified. The Whitaker test is the most objective 
measure of the urodynamic significance of areas of ure- 
teral narrowing or of collecting system dilatation. The 
test yields objective, reproducible data that can be 
essential for treatment planning. Specifically, Whitaker 
testing can be used to evaluate ureteropelvic junction 
(UPJ) strictures or other ureteral strictures to deter- 
mine the need for percutaneous or open surgical repair. 
In addition, percutaneous pyelography and Whitaker 
testing are often useful in the evaluation of a hydrone- 
phrotic transplant kidney. Because of the potential 
nephrotoxicity of intravascular contrast material and 
the minimal risk associated with antegrade pyelogra- 
phy, this procedure is often selected to evaluate trans- 
plant kidneys in patients with suspected obstructive 
uropathy. 


Both antegrade pyelography and the Whitaker test 
are performed after fine-needle puncture of the intra- 
renal collecting system. A 21- or 22-gauge thin-wall 
needle is adequate for these procedures. Fine-needle 
puncture of the kidney is associated with low risk of 
vascular injury and sepsis. Numerous transrenal punc- 
tures with a 21- or 22-gauge needle may be performed 
with relative impunity because of the low risk of signifi- 
cant complications. 

When the bladder has been catheterized and the 
patient is in the prone position on the fluoroscopy 
table, the flank is cleansed and draped in accordance 
with standard sterile techniques. Similarly, access to 
a transplant kidney is achieved with patient in the 
supine position, usually from an inferolateral approach. 
The kidney is localized with either fluoroscopy or US. 
Sometimes a previously obtained abdominal radio- 
graph can be used as a reference for identifying the 
renal position. If the kidney is not readily visible, a 
puncture site can be empirically selected 2 to 3 cm 
lateral to the top of the L2 vertebral body. Before punc- 
ture, local anesthetic should be administered. In the 
case of fluoroscopic guidance, the skinny needle is 
passed in a vertical direction (Fig. 10-1) while the 
patient suspends respiration. In patients with normal 
body habitus, the needle should be advanced 10 to 
12 cm with a single pass. The needle stylet should then 
be removed and a syringe attached to the needle. The 
needle can then be withdrawn while continuous aspira- 
tion is applied. Alternatively using US, the needle is 
directed into a posterolateral calyx (usually inferior 
pole). An echo-tip needle may be helpful. When aspira- 
tion returns urine, withdrawal is halted. The urine 
aspirate should be saved for culturing. Iodinated con- 
trast material can then be injected into the urinary 
system through the skinny needle. Once satisfactory 
needle position has been confirmed fluoroscopically 
with opacification of the intrarenal collecting system, 
more contrast material may be injected under inter- 
mittent fluoroscopic monitoring. Overdistension of 
the collecting system should be avoided to minimize 
the risk of sepsis. Overdistension can lead to pyelove- 
nous backflow of urine, carrying along any pathogens 
contained in the urine. To avoid overdistension, a 
transfusion technique should be employed. With this 
technique, an equal volume of pure contrast material 
is injected after the withdrawal of a volume of urine 
and diluted contrast material through the needle. With 
this procedure, opacification of the urinary system is 
slower, but overdistension is avoided because the 
volume of contrast material injected matches the 
volume of urine withdrawn. 

For antegrade pyelography, spot films are obtained 
as needed to demonstrate the entire pelvicalyceal 
system and ureter, with particular attention to the sites 
of suspected abnormality. If significant obstruction is 
identified, a PN drain can be placed. Alternatively, if 
no significant obstruction is seen, or a drain is not 
required, antegrade pyelography can be terminated and 
the needle is withdrawn. If no obstruction is encoun- 
tered and a drain is not placed during this procedure, 
antibiotics should be continued for at least 24 hours 
after the procedure is terminated. 
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FIGURE 10-1 Percutaneous needle puncture of the kidney for antegrade pyelography. A, Prone radiograph of the 
left kidney in a patient with numerous stone fragments (curved arrows) in calyces following extracorporeal lithotripsy. 
Antegrade pyelography is being performed before percutaneous nephrostomy drainage. A skinny needle has been 
passed (arrowhead) in a vertical direction in the region of the renal pelvis with the patient in the prone position. 
B, Diagram of skinny-needle puncture of the right kidney in a patient in the prone position. The needle is passed in 


a vertical direction into the region of the renal pelvis. 


The Whitaker test is performed after opacification 
of the collecting system for antegrade pyelography. 
Opacification is performed to ensure that the needle is 
in the correct position, without extravasation outside 
the urinary tract. The equipment needed for the Whita- 
ker test is somewhat complex (Fig. 10-2). With the 
needle in place, the bladder is emptied, and manome- 
ters, infusion lines, a power infusion pump, and a 
bladder drainage conduit are connected. The two 
manometers should be placed at an equal height above 
the floor. Bladder and renal pelvic pressures are mea- 
sured just before and immediately after each timed 
infusion. For the Whitaker test, dilute contrast material 
is infused into the renal pelvis at a rate of 5 mL/minute 
for 10 minutes. Pressures are measured and recorded. 
The second infusion is performed at 10 mL/minute for 
10 minutes; and finally a third infusion is performed at 
15 mL/minute for 10 minutes. Infusions should be dis- 
continued immediately if adjusted renal pelvis pressure 
exceeds 40 cm H,O, of if severe flank pain develops, or 
significant contrast extravasation occurs. If results are 
equivocal from this initial series of infusions, the test 
is repeated, but with the bladder filled. Occasionally, 
mild obstruction may become evident with increased 
pressure only with a full bladder. The patient should be 
instructed to notify personnel during the procedure if 
symptoms are reproduced during infusion of contrast 
material. The reproduction of symptoms, such as flank 
pain, supports the presence of urodynamically signifi- 
cant obstruction. 


Net renal pelvic pressures are calculated by subtract- 
ing the bladder pressure from the renal pelvic pressure, 
thereby removing the component of general intra- 
abdominal pressure from the measurements. Table 10-1 
outlines a system for classifying the numerical results 
of the Whitaker tests and converting them to degree of 
ureteral obstruction. 


Percutaneous Nephrostomy Drainage 


Indications for PN drainage are numerous. The most 
common indications are decompression of an obstructed 
kidney, urinary diversion for treatment of urinary tract 
fistula or perforation, decompression of an infected 
urinary tract, or as a prelude to additional urinary tract 
interventions, such as stent placement or endoscopy. 
The risks of PN (Table 10-2) include septicemia (2%), 
life-threatening hemorrhage (1% to 2%), and adjacent 
organ injury (1%). The only absolute contraindication 
is the presence of an uncorrected bleeding disorder. 

With this procedure as with other percutaneous tran- 
srenal procedures, antibiotics should be preadminis- 
tered. The choice of antibiotics has been outlined 
earlier (see Box 10-1). 

Selection of the transrenal puncture site is important 
to avoid unnecessary vascular injury. Ideally, the neph- 
rostomy tract should traverse the kidney near the junc- 
tion of the ventral two thirds and the dorsal one third 
of the kidney. This area is known as Brodel line or the 
avascular plane (Fig. 10-3) of the kidney. It represents 


Interventional Genitourinary Radiology 369 


Contrast 
medium 


Manometer 


Bladder 
catheter 


Contrast 
medium 


Fluoro 


22-gauge Injector 


needle 


FIGURE 10-2 Equipment setup for urodynamic (Whitaker) test of ureteral capacitance. 


TABLE 10-1 


Differential Pressure (em H20) 


Interpretation of Whitaker Test Results 


Degree of Obstruction 


0-12 None 
13-20 Mild 
21-34 Moderate 
>34 Severe 


TABLE 10-2 Major Complications of Percutaneous 
Nephrostomy Drainage 


Complication Rate 
Sepsis 2% 
Hemorrhage requiring transfusion 2% 
Adjacent organ injury 1% 


a watershed zone that is supplied by only small-vessel 
ramifications from the anterior and posterior renal 
artery branches (Fig. 10-4). This plane has been used 
for renal surgical procedures to minimize postoperative 
renal atrophy. 

The location of the avascular plane can be estimated 
using real-time sonography, CT, or fluoroscopy. In most 
instances the simplest technique for guiding transrenal 
puncture is fluoroscopy with opacification of the col- 
lecting system. This can be performed via US or with 
antegrade pyelography through a skinny needle, with 
intravenous urography, or with retrograde injection of 
contrast material through a stent or through a urinary 
conduit diversion. Posterior calyces should be identifi- 
able with opacification. These calyces are usually posi- 
tioned more medially than are anterior calyces. In 
addition, they are generally seen en face when imaged 


Anterior 


Area of 
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avascularity 


Posterior 


True Lateral 
Plane 


FIGURE 10-3 Diagram demonstrating the area of relative avascular- 
ity in the kidney. It is most desirable to perform transrenal puncture 
of the kidney through this region of the renal parenchyma. This area 
represents a watershed zone between the distributions of the anterior 
and posterior divisions of the renal artery. There are no large blood 
vessels in the renal parenchyma on this plane. 


on the anteroposterior plane (Fig. 10-5). Identification 
of posterior calyces can be enhanced in the prone 
patient by injecting small volumes (5 to 10 mL) of room 
air into the calyces; the air will flow to fill these dorsally 
oriented structures. 
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Anterior View Posterior View 


Posterior 
division 


FIGURE 10-4 Normal renal artery anatomy. This diagram shows standard renal artery anatomy. There is a single 
posterior renal artery branch supplying the dorsal one third of the renal parenchyma. The anterior renal artery branch 
trifurcates into three major divisions. The distribution of this artery supplies the ventral two thirds of the kidney. 


Anterior View Posterior View 


FIGURE 10-5 Normal calyceal anatomy. A, This radiograph from a urogram and the accompanying diagram 
(B) demonstrate normal calyceal anatomy. Calyces, which are seen in profile on an anterior view, are usually anterior 
calyces. The calyces seen en face as circles (arrows) are posteriorly oriented calyces. Posterior calyces are preferred 


for puncture for percutaneous drainage procedures. 
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When the posterior calyces have been identified, 
selection of the exact calyx to be punctured will depend 
on the position of the calyx and the intention of the 
procedure. If the procedure is being performed to divert 
urine or decompress an obstructed system, a posterior 
calyx located below the 12th rib should be selected for 
transrenal puncture. If further interventions such as 
stent placement are likely, puncture of a calyx in the 
upper pole will make access to the ureter or to specific 
areas of the kidney easier. In any case the selected 
posterior calyx should be punctured from a posterior 
obliquity of 25 to 30 degrees from the vertical position 
(Figs. 10-6 and 10-7). This can be achieved by leaving 
the patient in the prone position and angling the fluo- 
roscopy tube 25 to 30 degrees. The kidney can then be 
punctured along the axis of the fluoroscopic beam, 
assuring an appropriate approach. Alternatively, the 
patient’s ipsilateral flank can be elevated 25 to 30 
degrees when vertical fluoroscopy is employed. 

After the puncture site is identified with fluoroscopic 
localization, the area of skin in line with the planned 
site of calyceal entry should be anesthetized with 1% 
lidocaine without epinephrine. Both superficial and 
deep skin anesthetization should be performed along 
the anticipated puncture tract before transrenal punc- 
ture. A small skin incision is made with a scalpel at the 
site of intended puncture. The calyx is then punctured 
with an 18- to 22-gauge needle under continuous fluo- 
roscopic monitoring while the patient suspends respira- 
tion (Fig. 10-8). Use of a radiolucent needle holder (Fig. 
10-9) allows for fluoroscopic needle guidance while 
avoiding radiation exposure to, and obscuration by, the 
operator’s hand. Actual puncture of the calyx can be 
seen fluoroscopically (Fig. 10-10) or sonographically. 
Urine can be aspirated to confirm needle position. 

US guidance may alternatively be employed with 
patient in the same positioning. Using a curved or 
vector transducer, the kidney is visualized in its longi- 
tudinal axis. The transducer may be angled up from a 


FIGURE 10-6 Posterior oblique percutaneous transrenal puncture. 
A, With the patient in the prone position, the fluoroscopic image 
intensifier can be rotated 25 degrees from the vertical position. The 
percutaneous needle is then passed into the kidney along the axis of 
the image intensifier to ensure proper angulation of the entry tract. 
B, Computed tomography of a different patient with bilateral neph- 
rostomy tubes. The oblique transrenal tract (arrowheads) goes 
through the relatively avascular region of the kidneys. 


FIGURE 10-7 Diagram depicting ideal transrenal 
puncture location. Puncture of a posterior calyx from a 
25-degree angle should traverse the zone of relative 
avascularity and avoid large renal artery branches. 
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FIGURE 10-8 Fluoroscopic image of the posterior oblique puncture 
technique of a calyx. This image taken from a 25-degree posterior 
oblique angle demonstrates the needle (arrow) in line with the axis 
of the image intensifier and the calyx to be punctured. 


FIGURE 10-9 Radiolucent needle holder for percutaneous transre- 
nal puncture. A lucite needle holder can be used so that the needle 
can be passed under continuous fluoroscopic monitoring while avoid- 
ing exposure to the operator’s hands. 


subcostal approach to target a posterolateral inferior 
pole calyx. The planned trajectory should be anesthe- 
tized with 1% lidocaine to a depth just shy of the renal 
cortex. Then under direct visualization, an 18- to 
22-gauge needle is directed into the targeted calyx. An 
echo-tip needle may be helpful for visualization. Urine 
can be aspirated to confirm needle position. 

An angiographic guidewire (0.035 or 0.038 in.) 
should then be advanced into the collecting system. 
Once an adequate length of guidewire has been placed 
within the intrarenal collecting system, the needle is 
removed and an angiographic catheter can be advanced 
along the guidewire (Fig. 10-11). The catheter selected 
will depend on the operator’s preference, but a standard 
catheter shaped like a hockey stick works well in most 
situations. The catheter is used to steer the guidewire 


FIGURE 10-10 Calyceal puncture. Following transrenal advance- 
ment of the needle, the fluoroscopic tube is replaced to a vertical 
position. Calyceal puncture can easily be seen fluoroscopically with 
the image intensifier in this position. 


FIGURE 10-11 Using a steerable catheter to advance the guidewire 
into a stable position. This diagram demonstrates standard catheter 
and guidewire technique to steer the guidewire into a stable position 
for further manipulations before placing a percutaneous nephrostomy 
drain. Ideally, the guidewire should be advanced down the ureter. 


into a stable position for further tract dilatation. Ideally, 
the guidewire can be advanced well into the ureter to 
decrease the risk of dislodging the guidewire during 
further manipulations. Once the guidewire is posi- 
tioned, the catheter is removed and the tract is dilated 
over the guidewire to an appropriate size for nephros- 
tomy tube placement (Fig. 10-12). For simple urine 
drainage, an 8- to 10-F tube is adequate. For a solitary 
kidney, or for drainage of viscous urine (i.e., infected 
or hemorrhagic urine), tubes 12 to 14 F in diameter 
are recommended. To avoid unnecessary accidental 
dislodgment of the PN tubes, only self-retaining neph- 
rostomy tubes should be used (Fig. 10-13). Before ter- 
minating the procedure, contrast material should be 
injected through the PN tube to confirm satisfactory 
position and function of the drainage catheter. 
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FIGURE 10-12 Nephrostomy tract dilatation. A, Diagram of a fascial dilator being advanced over the guidewire to 
dilate the transrenal nephrostomy tract. B, Radiograph demonstrating a dilator (arrows) being advanced transrenally 
over the working guidewire. 


FIGURE 10-13 A, Diagram of a standard self-retaining nephrostomy tube in place with the tip coiled in the renal 
pelvis. This catheter has a string, which forces it to maintain its pigtail configuration. B, The typical radiographic 
appearance of a standard self-retaining percutaneous nephrostomy catheter. 


374 Genitourinary Radiology: The Requisites 


Urine output should be monitored carefully while the 
patient is hospitalized. Some hematuria is expected for 
up to 72 hours after PN tube placement. In addition, 
bacteriuria occurs in nearly all patients with prolonged 
PN drainage. This bacteriuria is of no clinical signifi- 
cance provided urinary drainage is adequate, that is, 
the nephrostomy tube is patent. Nephrostomy tubes 
should be changed prophylactically every 4 to 8 weeks 
to avoid tube obstruction. Shorter tube-change inter- 
vals may be required in some patients, but intervals 
greater than 8 weeks should be avoided because tube 
occlusion can lead to dramatic and rapid onset of sig- 
nificant clinical problems. Obstructed urinary outflow 
coupled with bacteriuria can lead to rapid development 
of pyonephrosis and septicemia. Further, exchange of 
an obstructed PN tube is technically more demanding 
than exchange of a patent tube. 


Ureteral Stenting 


Ureteral stents can be placed for the maintenance of 
ureteral patency in patients with urolithiasis and in 
those with benign or malignant strictures. In addition, 
ureteral stents can enhance ureteral healing while 
reducing the risk of stricturing in patients with ureteral 
fistulas or those who have undergone endoluminal ure- 
teral manipulations, including endopyelotomy, which 
entails transmural incision of the ureteral wall, and 
ureteral balloon dilatation. Patients are usually referred 
for antegrade placement after failure of retrograde cys- 
toscopic placement. 

The risks associated with placement of percutaneous 
antegrade ureteral stents are similar to those associated 
with placement of PN tubes. Ureteral perforation occa- 
sionally occurs during attempts at ureteral stent place- 
ment. Although ureteral perforation may interfere with 
completion of stent placement, the perforations are 
self-limited and of no clinical significance if adequate 
renal drainage is maintained after the procedure. 

Usually, percutaneous ureteral stent placement is 
requested after PN drainage. In any case, transrenal 
percutaneous puncture and tract dilatation should be 
performed as outlined earlier for PN drainage proce- 
dures. For stent placement, transrenal access through 
a mid or upper calyx is preferred to provide the most 
favorable approach down the ureter. Before further 
manipulations, two guidewires should be placed. This 
task can be accomplished using a sheathed dilator (Fig. 
10-14). One of these wires will be used as a working 
wire, and the other should remain in place as a safety 
guidewire for use in case the working wire becomes 
dislodged or kinked. With standard angiographic tech- 
niques, the working wire can then be steered through 
the UPJ. Often, use of a hydrophilic guidewire facilitates 
these manipulations. The angiographic guidewire 
should then be advanced down the length of the ureter 
and into the bladder. An angiographic catheter could be 
advanced over the guidewire so that its tip reaches the 
bladder lumen. 

The next step, determining the correct stent length, 
can be achieved with various methods, but the most 
direct uses the bent-guidewire technique (Fig. 10-15). 
With the catheter tip within the bladder, a guidewire is 


FIGURE 10-14 Placement of a safety guidewire for complex trans- 
renal manipulations. This diagram demonstrates the technique for 
placing a second guidewire through the existing nephrostomy tract. 
A sheathed dilator is advanced over the working guidewire. The 
dilator segment is removed, leaving the sheath in place through which 
additional guidewires can be advanced. 


advanced so that its tip is within the catheter just below 
the ureterovesical junction. This guidewire is then 
kinked at its exit from the catheter hub outside the 
patient’s flank. The guidewire is then further retracted 
until the tip, which is still within the angiographic cath- 
eter, is in the renal pelvis. Its location is readily visible 
with fluoroscopy. A second kink is made where the 
guidewire exits the catheter hub outside the patient’s 
flank. The guidewire is then completely removed and 
the catheter is left in place. The distance between the 
two guidewire kinks provides an exact measurement 
between the ureterovesical junction and the renal 
pelvis, and therefore determines the length of the 
straight segment of the ureteral stent to be placed. A 
new working guidewire should then be advanced into 
the catheter. A stiff angiographic guidewire is preferred 
for stent placement. The catheter is then removed, and 
the stiff working guidewire is left in place. 

A tapered 8-F angiographic catheter is then advanced 
over the guidewire into the bladder. This catheter is 
used to test for stenotic areas that might impede place- 
ment of the ureteral stent. If no resistance is encoun- 
tered, an 8-F or smaller stent can be placed without 
further manipulations. If resistance is encountered, the 
8-F catheter is removed and replaced over the guide- 
wires with a 9-F sheathed dilator. This sheath should 
be advanced as close to the bladder as possible to facili- 
tate stent placement. The dilator segment is then 
removed, and the ureteral sheath is left in place over 
the working guidewire. With or without the sheath, the 
stent is then advanced over the guidewire until the tip 
of the stent is well within the bladder. If an adequate 
length of stent has been advanced into the bladder, 
then, upon retracting the working guidewire, the lower 
loop of the ureteral stent will form within the bladder 
lumen. If the length is inadequate, the guidewire should 
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FIGURE 10-15 A, Diagram demonstrating the bent-guidewire technique used to determine stent length. Through a 
catheter advanced beyond the ureterovesical junction (UVJ), a guidewire is advanced so that its tip is at the UVJ. The 
guidewire is kinked externally at the hub of the catheter. B, The guidewire is then retracted until its tip is in the renal 
pelvis as seen fluoroscopically. The external portion of the guidewire is again kinked at the hub of the catheter. The 
guidewire is then removed and the distance between the two kinks determines stent length. That length is exactly 


the length from the UVJ to the renal pelvis. 


be readvanced through the stent, followed by further 
advancement of the stent itself. If ureteral stenosis pre- 
vents adequate advancement of the stent, balloon dila- 
tation of the stenotic ureter should be performed. 
Balloons 6 to 10 mm in diameter are routinely used for 
ureteroplasty. The entire stenotic segment should be 


dilated with a balloon before an attempt is made to 
replace the ureteral stent. High-pressure balloons are 
often required to dilate malignant or fibrotic benign 
ureteral strictures. 

After advancing an adequate length of the stent into 
the bladder, the guidewire is retracted and the lower 
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coil of the stent reconstituted within the bladder. Fluo- 
roscopy of the renal end of the stent is then performed 
to estimate whether an adequate length of stent remains 
to allow for reconstitution of the upper loop within 
the renal pelvis. If the stent has been advanced too 
far distally, applying traction to the suture threaded 
through its proximal end can retract it. Once positioned 
for final stent placement, the introducer sheath, if used, 
is removed. The retracting suture is then removed 
while the stent is maintained in a stable position with 
gentle pressure on the pusher catheter. After removal 
of the suture, the guidewire is further retracted so that 
only the flexible portion of the guidewire remains within 
the proximal end of the ureteral stent. This allows for 
the upper loop to begin to reconstitute and avoids inad- 
vertent advancement of the stent into an unsatisfacto- 
rily low position. With only the floppy portion of the 
guidewire in the stent, the pusher is used to advance 
the stent through the remaining segment of the neph- 
rostomy tract and into the renal pelvis while the guide- 
wire is simultaneously withdrawn. This technique 
causes the upper loop of the stent to form within the 
renal pelvis. 

Once the stent has been placed, the safety guidewire 
can be used to position a small-bore nephrostomy cath- 
eter for temporary maintenance of the nephrostomy 
tract. The nephrostomy catheter should be left in place 
for 12 to 24 hours to confirm that the ureteral stent 
is functional. If no symptoms of ureteral occlusion 
develop, the nephrostomy tube can be removed after a 
nephrostogram demonstrates satisfactory position and 
function of the ureteral stent. The nephrostomy tube 
should be removed under fluoroscopic guidance to 
ensure that the ureteral stent is not inadvertently dis- 
lodged during tube removal. The nephrostomy tract will 
close spontaneously during the next 4 days. 

In some patients a ureteral stent may be desirable, 
but the nephrostomy tract should be maintained for 
further percutaneous procedures or stent changes. In 
these patients an alternative method of stenting is 
placement of an internal/external ureteral stent (also 
called percutaneous nephroureterostomy). This tech- 
nique employs a single catheter that extends from the 
patient’s flank through the kidney, down the ureter, and 
into the bladder (Fig. 10-16). These catheters are com- 
mercially available, or they may be tailored from an 
extralength nephrostomy tube. Varying numbers of side 
holes may be placed along the length of this catheter, 
extending from the renal pelvis to the bladder. For 
treatment of ureteral fistulas or perforations, side holes 
should be placed above and below the site of ureteral 
injury, and placement of side holes in the area of ure- 
teral leakage should be avoided. This facilitates healing 
of the ureteral wall while supplying adequate urinary 
drainage. These internal/external ureteral stents should 
be used when ureteral stenting is indicated, but pro- 
longed percutaneous renal access is desired. Once 
placed, the external limb of these catheters may be 
capped, and the catheter then functions as an internal 
ureteral stent, but with preservation of the transrenal 
tract. In the author’s institution this type of catheter is 
routinely used for treatment of ureteral fistulas and 
perforations, as well as for following ureteral dilatation 


Internal/external 


Internal 


FIGURE 10-16 Two basic types of percutaneously placed ureteral 
stents. An internal/external ureteral stent can be used to stent the 
ureter while maintaining percutaneous access via the transrenal 
tract. Alternatively, an internal ureteral stent can be placed via the 
percutaneous tract. 


because follow-up imaging studies such as pyelography 
and repeated dilatation procedures are usually required. 

The procedure for placement of these stents closely 
parallels placement of internal ureteral stents. The 
bent-wire technique is used to determine the location 
of the side holes to be placed in the catheter for drain- 
age. Modification of these standard nephrostomy cath- 
eters entails fashioning side holes along the desired 
length of the catheter shaft. The catheter must be posi- 
tioned so that side holes in the catheter are advanced 
beyond the renal parenchyma. If not, parenchymal 
bleeding will persist and lead to premature tube 
occlusion. 

Urologists assume long-term management of internal 
ureteral stents. Once these stents are placed, they can 
be removed or replaced in a retrograde fashion using a 
cystoscope. Internal/external ureteral stents should be 
changed prophylactically every 4 to 6 weeks to avoid 
stent occlusion. Pyelography should be performed 
whenever a stent is replaced to assess the status of the 
ureter and to confirm that the new ureteral stent is 
appropriately positioned. 
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BOX 10-4 Indications for Percutaneous 


Nephrolithotomy 


Large stone volume 
Single stone > 2 to 2.5 cm in diameter 
Multiple stones with > 2.5 to 3 cm in aggregate diameter 
Staghorn calculus 

Stones refractory to extracorporeal lithotripsy 

Partial or complete ureteral obstruction 

Patient unsuitable for extracorporeal lithotripsy 


Percutaneous Nephrolithotomy and Other 
Transrenal Endoscopic Procedures 


Transrenal endoscopy is used for fragmentation 
and removal of urinary tract calculi, for endoscopic 
surgical procedures such as endopyelotomy, and for 
inspection and possible biopsy of the urothelium. Tran- 
srenal urinary tract endoscopy requires larger tran- 
srenal tracts; for rigid endoscopes, a percutaneous 
transrenal tract 10 mm in diameter is created. 

Approximately 80% to 90% of kidney stones can be 
treated nonsurgically with extracorporeal shock wave 
lithotripsy (ESWL), although some renal calculi and 
ureteral stones are refractory to ESWL treatment and 
require percutaneous fragmentation and removal. Per- 
cutaneous stone removal procedures are preferred to 
other techniques when renal stones are larger than 
25 mm in diameter, are branched in configuration, are 
composed of cystine, or are associated with ureteral 
obstruction (Box 10-4). In addition, some patients may 
exceed the weight limitations of a lithotripsy device, 
thereby eliminating ESWL as an option for stone treat- 
ment. Finally, in some cases complete and unequivocal 
stone removal is absolutely essential; in these settings 
percutaneous stone removal is preferred. 

Large-bore tracts may be created for other endo- 
scopic procedures. Most common in this group are the 
endoscopic surgical procedures, such as endopyelot- 
omy. Endopyelotomy is used to treat benign strictures 
of the ureter, most of which are located at the UPJ and 
are thought to be congenital in origin. Endopyelotomy 
is an alternative to open surgical pyeloplasty for treat- 
ment of primary ureteral strictures or strictures that 
recur after initial surgical repair. Under endoscopic 
visualization, the stenotic segment of ureter is incised 
longitudinally. The incision is transmural and is consid- 
ered adequate when periureteral fat is visualized endo- 
scopically. Following incision, the stenotic segment is 
balloon dilated and stented. The advantages of endopy- 
elotomy are those inherent in minimally invasive surgi- 
cal procedures, including decreased cost, shortened 
hospitalization, and shortened recuperative period. In 
addition, the effectiveness of endopyelotomy as a treat- 
ment for primary ureteral strictures is comparable to 
that of open surgical procedures. Finally, endopyelot- 
omy has an advantage over open surgery in the treat- 
ment of secondary strictures, for which follow-up open 
surgical procedures are complex and less commonly 
result in adequate resolution of strictures. 

Other endoscopic procedures that are less com- 
monly performed include transrenal inspection and 


biopsy of the renal collecting system and the ureter. 
This is generally performed in patients with filling 
defects or strictures when the underlying tissue diagno- 
sis is unknown. Endoscopic procedures can be per- 
formed as an alternative to open surgical inspection or 
surgical procedures for biopsy access. A transrenal 
approach is seldom used for this application because 
most ureteral and pyelocalyceal lesions can be reached 
in a retrograde fashion with a flexible ureteroscope, 
thus avoiding the need to create a transrenal tract. 

The risks associated with large-bore nephrostomy 
tract creation are similar to those for standard PN tube 
placement; they include renal hemorrhage necessitat- 
ing blood transfusion (up to 10% of patients), sepsis 
(2%), and adjacent organ injury (1%). The only absolute 
contraindication for this procedure is an uncorrected 
coagulopathy. In addition, if rigid mephroscopy is 
planned, large-bore tract creation is subject to length 
limitations. Most standard rigid endoscopes have a 
working length of 20 cm or less, which is slightly longer 
than the standard nephrostomy sheaths supplied by 
manufacturers. In large patients, the skin-to-calyx dis- 
tance may exceed 20 cm. In these cases flexible endos- 
copy can be performed through a nephrostomy tract 
that has been allowed to mature by keeping a large-bore 
PN drainage tube after initial tract creation. This tube 
should be left in place for at least 7 days before attempt- 
ing transrenal endoscopy without a nephroscopic 
sheath. If excessive skin-to-calyx length is anticipated, 
a limited CT scan at the level of the kidney should be 
performed with the patient in the prone position to 
estimate tract length before initiating the nephrostomy 
procedure. 

Before the procedure, antibiotics should be adminis- 
tered as outlined in the section concerning placement 
of the PN tube (see Box 10-1). Because many patients 
with a large stone burden will harbor infection-based 
stones, antibiotic prophylaxis is crucial. Again, a poste- 
rior calyx should be selected for transrenal puncture 
and tract creation. As access to a certain area within 
the pyelocalyceal system or the ureter is desired, site 
selection for puncture is crucial. For nephrostolithot- 
omy, an upper-pole calyx generally allows for endo- 
scopic access to the largest segment of the intrarenal 
collecting system. To minimize complications, transre- 
nal puncture should be performed below the 12th rib 
when possible. For the upper pole, puncturing between 
the 11th and 12th ribs is often required and should be 
considered safe. Because the pleural reflection com- 
monly extends to the 11th rib or lower, puncturing 
above the 11th rib should be avoided because of the 
high risk of transpleural tract passage and resulting 
pleural effusion, hemothorax, empyema, or possibly 
pneumothorax. Calyceal puncture technique is out- 
lined earlier in this chapter, and the initial steps for 
large-bore nephrostomy tract creation are the same 
(Fig. 10-17). However, after placement of a heavy-duty 
guidewire and a safety guidewire, the tract is dilated to 
9 F with a fascial dilator. The next dilatation can be 
performed with a high-pressure balloon dilatation cath- 
eter. The inflated diameter should be 10 mm, and the 
balloon length should be 10 to 12 em. This length will 
allow for dilatation of the entire tract with one or two 
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Sequence of steps for creation of a large-bore percutaneous tract for nephroscopy. A, Nephrotomo- 
gram of the left kidney demonstrating a cystine-branched stone filling the entire left collecting system. B, Following 
needle puncture of a lower-pole calyx, this film demonstrates advancement of the guidewire into the renal pelvis, 
around the stone. C, Following catheter manipulation to steer the tip of the guidewire into the ureter, a fascial dilator 
(arrow) is advanced over the guidewire to dilate the tract before passing the balloon dilatation catheter. D, Radiograph 
demonstrating inflation of the balloon dilator. Using the balloon dilator the tract can be rapidly dilated from 8 to 30 F 
with a single inflation. This radiograph also demonstrates a second safety guidewire through the nephrostomy tract, 
which was placed as a precaution. E, Following balloon dilatation, the working sheath is advanced into the kidney. 
The sheath (arrows) has been advanced into the renal pelvis. The sheath can be used for endoscopy, stone fragmen- 
tation, and removal. 
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balloon inflations. After dilatation of the tract, the 
balloon catheter is removed and placement of a 10-mm 
sheathed dilator is attempted. If balloon dilatation 
incompletely dilates the entire tract, smaller semirigid 
fascial dilators may be used to dilate the tract gradually 
to the maximum diameter of 10 mm. The sheathed 
dilator can then be placed over the guidewire, the 
dilator removed, and the guidewires and nephroscopy 
sheath left in place. Endoscopy can be performed 
through this sheath immediately, or a drainage catheter 
can be passed through the sheath if endoscopy is 
deferred. Placing a safety catheter over the safety guide- 
wire is advisable after placement of a large-bore drain- 
age catheter. A standard 5-F angiographic catheter can 
serve as a safety catheter; it should be advanced over 
the safety wire so that its tip is in a stable position, 
preferably within the bladder. At the end of the proce- 
dure both nephrostomy catheters should be sutured to 
the skin and the large-bore tube should be left to exter- 
nal drainage to allow for outflow of urine and residual 
blood clot. The patient should be visited daily for at 
least 3 days, if hospitalized, to assure tube function and 
to identify possible nephrostomy complications early. 
Possible tube-related complications include kinking, 
retraction, and occlusion. Urine output should be moni- 
tored carefully. Hematuria routinely lasts as long as 72 
hours, but hematocrit levels should be monitored if 
hematuria is excessive. If large-bore PN drainage cath- 
eters are left in place, they should be prophylactically 
changed every 6 to 8 weeks. 

With meticulous and thorough endoscopic tech- 
niques, stone-free rates of 85% or higher can be achieved 
with percutaneous nephrolithotomy. In cases involving 
complex-shaped stones, multiple transrenal nephros- 
tomy tracts may be required to reach fragments clus- 
tered in isolated segments of the kidney. In addition, 
adjunctive procedures such as ESWL or chemolysis 
may be required to complete stone removal after per- 
cutaneous debulking when stones with very complex 
shapes are present. Chemolysis infusion systems 
are easily placed through the PN tracts, which were 
initially used for stone removal. These infusion systems 
utilize an inflow and outflow catheter for the infusion 
of agents that bathe and slowly dissolve the residual 
stone fragments. Large-bore PN drainage catheters 
are also useful after adjunctive ESWL because they 
serve as a low-resistance outflow pathway for stone 
fragments. 

In performing endopyelotomy, care must be taken 
because UPJ strictures sometimes form as a result of 
chronic ureteral compression by aberrant renal arteries 
or veins. Because these accessory vessels nearly always 
cross anteriorly to the ureter, the transmural incision 
should be performed posterolaterally through the wall 
of the ureter (Fig. 10-18) to avoid vascular injury. In 
addition, preoperative identification of anomalous 
vessels may influence a surgeon to choose open surgical 
stricture repair rather than endopyelotomy. Aberrant 
vessels can be identified preoperatively with helical CT 
angiography. The identification of aberrant vessels of 
significant size (=4 mm in diameter) implies a substan- 
tial risk of massive bleeding if the vessel is inadvertently 
incised during endopyelotomy. 


Extracorporeal Shock Wave Lithotripsy 


During the 1980s, ESWL became widely available for 
treatment of urinary tract stones. As many as 85% of 
patients with urolithiasis can be successfully treated 
with ESWL alone. Although standard ESWL does not 
require percutaneous interventional uroradiology pro- 
cedures, complications that necessitate intervention 
occur in up to 10% of patients treated with ESWL. 
Evaluation of patients before ESWL does require radiol- 
ogy and should include identification of stones, estima- 
tion of overall stone burden, and evaluation of the 
urinary system with a contrast study. This last tech- 
nique is used to ensure the absence of ureteral obstruc- 
tion that could impede passage of stone fragments after 
ESWL. 

Either fluoroscopy units or US systems provide guid- 
ance for ESWL. In either case, the patient is positioned 
so that the imaged stone lies in close proximity to the 
focus of the shock wave generated by the ESWL equip- 
ment. Once targeted, the stone is treated with repeated 
shock-wave bursts generated extracorporeally but 
focused internally on the stone. Successful ESWL treat- 
ment results in complete fragmentation of the stone 
into fragments no greater than 2 to 3 mm in diameter. 
Abdominal radiographs taken following ESWL are useful 
to assess success of stone fragmentation and passage. 
The stone fragments generally pass spontaneously in an 
antegrade fashion with voided urine. Some stones, such 
as cystine stones, are refractory to ESWL treatment; 
these are best removed percutaneously. In addition, 
larger stones, when fragmented with ESWL, commonly 
cause complications such as ureteral obstruction, or 
they may fail to pass completely and lead to fragment 
reaggregation and stone reformation. Most centers 
use percutaneous nephrostolithotomy rather than 
ESWL as the primary tool for treating these larger 
stones. In 5% to 10% of patients with uncomplicated 
stones, ureteral obstruction develops after ESWL. This 
obstruction usually results from a number of stone 
fragments coalescing in the ureter (Fig. 10-19). This 
coalescence of fragments is described as a stein- 
strasse, translated as stone street. These stone collec- 
tions usually pass spontaneously, but in approximately 
25% of patients with steinstrasse, retrograde stenting or 
PN drainage catheters may be required to manage the 
ureteral obstruction until the fragments become dis- 
lodged and pass. Rarely, more complex interventions 
are required to treat these obstructing stone casts. 
These interventions include ureteral dilatation, stone 
flushing, or long-term ureteral stenting. 


Transluminal Ureteral Dilatation 


Although UPJ strictures are usually treated endoscopi- 
cally with endopyelotomy, other benign ureteral stric- 
tures can be successfully treated with balloon dilatation 
techniques that are analogous to angioplasty proce- 
dures used in the vascular system. Complete discussion 
of these techniques is beyond the scope of this chapter, 
but the essential components will be described. 
Access to the ureteral stricture can be obtained via 
percutaneous transrenal tracts, or in a retrograde 
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FIGURE 10-18 Sequence of radiographs demonstrating the endopyelotomy technique. A, Radiograph from an intra- 
venous urogram of the right kidney demonstrating an appearance typical for ureteropelvic junction (UPJ) stricture. 
The renal pelvis is hugely dilated with narrowing at the UPJ (arrow) and a normal-caliber ureter. B, Intraoperative 
radiograph following creation of a large-bore percutaneous tract with a sheath in place. A cold knife (arrow) is used 
to make a longitudinal transmural incision of the UPJ. C, Nephrostogram performed 6 weeks following endopyelotomy 
demonstrating marked decrease in the renal pelvic dilatation in comparison to the preoperative appearance. 


fashion via retrograde cannulation of the ureter. In 
either case, a guidewire should be advanced through 
the stricture and into a stable position. Angiographic 
catheters are useful in steering guidewires through tor- 
tuous or severely narrowed strictures. In addition, 
hydrophilic guidewires are extremely useful in travers- 
ing difficult ureteral strictures. Before balloon dilata- 
tion, a heavy-duty stiff guidewire should be advanced 
through the stricture. For tight strictures, before balloon 


dilatation an 8-F tapered angiographic catheter should 
be advanced through the stricture to predilate the stric- 
ture and allow for easy passage of the uninflated balloon 
catheter. This catheter is then removed and the balloon 
dilatation catheter positioned across the stricture. 
High-pressure balloons are often needed to successfully 
dilate ureteral strictures. For standard ureteroplasty 
procedures, 8- to 10-mm balloon dilatation catheters 
should be used. After successful balloon dilatation, as 
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FIGURE 10-19 Steinstrasse (stone street). This abdominal radio- 
graph taken following extracorporeal shock wave lithotripsy of a large 
renal stone demonstrates the typical appearance of a steinstrasse, 
which is a collection of stone fragments lodged in the ureter. The 
formation of a steinstrasse often heralds the development of ureteral 
obstruction. 


demonstrated by absence of residual narrowing with 
the balloon inflated, the ureter should be stented for 4 
to 8 weeks while the dilated segment heals. For ante- 
grade balloon dilatation, an internal/external ureteral 
stent is advisable because repeated dilatations are often 
required for satisfactory long-term ureteral patency 
rates. 

Success rates for balloon ureteroplasty depend on 
the cause, the extent, and the chronicity of the stric- 
ture. In the ideal setting, which consists of a focal, acute 
stricture without associated ureteral devascularization, 
success rates are 90% or greater. This type of stricture 
is commonly seen in association with inadvertent ure- 
teral ligation, which most often occurs during vaginal 
hysterectomy. On the opposite end of the spectrum of 
prognoses are strictures that occur at the junction of 
the ureter and a urinary bowel conduit. Some ureteral 
devascularization commonly occurs during the creation 
of urinary conduit diversions. Balloon ureteroplasty of 
strictures at the anastomotic sites usually has poor 
long-term patency rates. Long-term patency is achieved 
in only approximately 20% of patients after balloon dila- 
tation of these strictures, even with multiple dilata- 
tions. Other strictures associated with poor ureteroplasty 
success rates include those caused by radiation therapy 
or neoplasms. However, because postoperative and 


postirradiation patients are also difficult surgical cases, 
percutaneous ureteroplasty may be attempted in hope 
of precluding the need for complex open surgical 
procedures. 


Renal Cyst Aspiration and Sclerosis 


Renal cyst aspiration, once commonly used to distin- 
guish benign cysts from renal neoplasms, is rarely indi- 
cated today because US, CT, and magnetic resonance 
imaging (MRI) are extremely accurate in diagnosing 
simple cysts. Therefore cyst aspiration is rarely used 
and thorough cross-sectional imaging should be per- 
formed before cyst aspiration is considered for 
diagnosis. 

A small minority of simple renal cysts cause symp- 
toms. Larger simple cysts may cause flank pain from 
compression of renal parenchyma, stretching of the 
renal capsule, or obstruction to urine outflow caused 
by mass effect. In these cases cyst ablation can be used 
therapeutically. Cyst ablation is a simple technique 
that can be performed on an outpatient basis. As with 
other transrenal procedures, routine coagulation factors 
should be analyzed and an appropriate antibiotic given 
before the procedure. Using standard sterile technique, 
the cyst is punctured with a fine (21- or 22-gauge) 
needle. As with cyst aspiration, the cyst should be evac- 
uated and the fluid sent for analysis after its volume has 
been measured. Before ablation, a 4- or 5-F catheter 
should be placed within the cyst over a guidewire that 
can be inserted through the skinny needle. Before abla- 
tion can be undertaken, water-soluble contrast material 
should be injected into the cyst and fluoroscopic evalu- 
ation performed. Ablation should not be undertaken if 
there is extravasation outside the cyst or communica- 
tion between the cyst and the intrarenal collecting 
system or blood vessels. 

Numerous agents have been advocated for ablation 
of renal cysts. Absolute alcohol is effective, readily 
available, and easy to use. For cyst ablation, a volume 
of absolute alcohol equal to 25% to 50% of the volume 
aspirated from the simple cyst is injected back into the 
cyst through the catheter. The sclerosant should be left 
within the cyst for approximately 10 minutes, during 
which time the patient should change position every 2 
minutes to better distribute the alcohol around the 
entire lining of the cyst. After the 10-minute interval, 
all of the alcohol should be aspirated and the catheter 
removed. 

Cyst ablation usually causes minimal discomfort to 
the patient and can safely be performed as an outpa- 
tient procedure. More than 50% of cysts can be success- 
fully ablated with a single treatment. Larger cysts may 
require repeated ablation to induce complete cyst 
involution. 


Perinephric and Renal Abscess Drainage 


Management of retroperitoneal abscesses with percuta- 
neous drainage has become routine in most radiology 
departments. Similarly, renal and perinephric abscesses 
are readily treated with a combination of percutaneous 
drainage and systemic administration of antibiotics. 
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FIGURE 10-20 Localized emphysematous pyelonephritis. This 
contrast-infused computed tomography scan demonstrates a focal gas 
and fluid collection in the upper pole of the right kidney typical of 
emphysematous pyelonephritis. This type of emphysematous pyelo- 
nephritis may be remedied with percutaneous drainage and systemic 
antibiotic treatment. 


This combination usually obviates the need for open 
surgical decompression. Renal and perirenal abscesses 
are usually identified with CT or US imaging. These 
usually have the appearance of complex fluid collec- 
tions with surrounding enhancement on CT and inter- 
nal echoes with US. Extensive perinephric stranding is 
often coexistent because of surrounding inflammation 
and congestion. On some occasions, gas may be seen 
within the fluid collection (Fig. 10-20); if so, it is indica- 
tive of ongoing infection. 

These abscesses are best drained under US or CT 
guidance. Initially, an 18-gauge needle is used to punc- 
ture the collection, aspirate a sample of material, and 
provide access for catheter placement. In equivocal 
cases, puncture and fluid aspiration can be performed 
for diagnosis and as a prelude to drain placement, if 
necessary. If the initial aspirate is not clear fluid, a drain 
should definitely be placed. In addition, the aspirate 
should be saved for culture and analysis. Drainage cath- 
eters are placed in a routine fashion using either trocar 
or Seldinger technique. For trocar technique, an 8-F or 
larger drain is advanced adjacent and parallel to the 
aspiration needle. Once the tip of the drain is confirmed 
to be in the abscess cavity, the drain is advanced off the 
trocar and the loop of the drainage catheter is recon- 
stituted in the abscess. For the Seldinger technique, a 
guidewire 0.035 to 0.038 in. in diameter is advanced 
into the abscess cavity through the puncture needle. 
The tract is then dilated. A drainage catheter 8-F or 
larger should be placed within the cavity for adequate 
drainage of the often viscous abscess contents. Once 
the catheter is placed, the abscess cavity should be 
evacuated by manually applying aspiration to the drain- 
age catheter with a syringe. The catheter should then 
be connected to bulb suction or passive external drain- 
age and sutured in place. The drainage catheter should 
be left in place until there is minimal output from the 


drainage catheter for a period of at least 12 hours, 
and the patient has recuperated without evidence of 
continued infection. In some cases multiple drains and 
transcatheter irrigation may be required to completely 
evacuate these abscesses. 

Focal emphysematous pyelonephritis is a special 
situation that can be treated with percutaneous drain- 
age. Traditionally, all patients with emphysematous 
pyelonephritis were thought to require surgical nephrec- 
tomy; however, recent studies have suggested that a 
subgroup of these patients may be treated nonsurgi- 
cally. CT is the imaging test of choice for diagnosing 
emphysematous pyelonephritis, and is helpful in evalu- 
ating the extent (localized or diffuse) and in treatment 
planning. The localized form of emphysematous pyelo- 
nephritis really represents a focal parenchymal abscess 
attributable to a gas-producing organism, and can be 
successfully treated with percutaneous drainage with 
systemic antibiotic administration. With percutaneous 
treatment of localized emphysematous pyelonephritis, 
it is essential that coexisting ureteral obstruction, if 
present, also be remedied to ensure infection resolu- 
tion. If ureteral obstruction is present, a PN drainage 
catheter or ureteral stent should be placed in addition 
to the abscess drainage catheter. Early treatment of 
localized emphysematous pyelonephritis can lead to 
complete resolution of the infection and normalization 
of function of the involved kidney. Alternatively, diffuse 
emphysematous pyelonephritis indicates irreversible 
damage to the majority of the kidney. This is best 
treated with nephrectomy when the patient’s condition 
allows. 


Percutaneous Renal Biopsy 


Percutaneous renal biopsy is usually performed for one 
of two reasons: renal mass characterization or diagnos- 
ing medical renal disease. Renal mass biopsy is uncom- 
mon. Because most renal masses can be accurately 
diagnosed with modern cross-sectional imaging tech- 
niques, biopsy is rarely necessary before treatment. 
While the imaging diagnosis of a renal cell carcinoma 
(RCC) approximates 90% with CT or MRI, renal mass 
biopsy results have a nondiagnostic rate of up 20%. This 
results from both sampling error (i.e., mistargeting the 
tumor during biopsy) and hybrid tumors containing 
both malignant and benign components. In addition, a 
simple renal cyst, the most common renal mass, can be 
readily diagnosed with CT or US. These cysts should 
not be biopsied. In addition, angiomyolipomas, the 
most common solid benign tumor of the kidney, can be 
diagnosed in approximately 90% of cases with CT 
imaging because fat is visible within the tumor. In any 
of these settings, percutaneous biopsy should not be 
performed. Owing to inaccuracies of biopsy results, a 
negative biopsy result rarely precludes surgery of a 
renal mass that has imaging features typical of an RCC. 
For instance, RCCs can contain oncocytic cells. Thus 
when percutaneous biopsy of a renal mass yields histo- 
logic evidence of an oncocytoma (a benign renal 
adenoma), a malignancy is still a possibility. For this 
reason, surgical excision is usually required regardless 
of the biopsy results, and the biopsy is therefore 
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pointless. In addition, RCCs, oncocytomas, and angio- 
myolipomas all may be very vascular lesions, and the 
risk of significant hemorrhage resulting from percuta- 
neous biopsy must be considered. Biopsy of geographic 
infiltrating renal masses, which are often transitional 
cell carcinomas, also poses a risk of seeding the biopsy 
track with metastatic deposits. 

When should percutaneous biopsy be used in the 
diagnosis of renal masses? If a patient has a known 
extrarenal malignancy and a solitary renal mass, and 
surgical nephrectomy would be considered a treatment 
option if this were an RCC, then biopsy should be 
performed. Typically, this scenario relates to patients 
with lymphoma because renal lymphoma is not 
rare. Solitary metastasis may occur with renal lym- 
phoma. In addition, renal lymphoma responds to che- 
motherapy and is not considered a surgical lesion. For 
these reasons, biopsy of a solitary renal mass in a 
patient with lymphoma is performed to distinguish a 
renal metastasis from a primary renal malignancy. 
Image-guided percutaneous renal mass biopsy is also 
performed to diagnose a renal mass in some patients 
with known metastatic disease. In these cases biopsy is 
used to distinguish a renal malignancy that has metas- 
tasized from an extrarenal malignancy that has seeded 
the kidney, before starting renal-tumor-specific high- 
toxicity treatment. Biopsies are also sometimes per- 
formed in patients with renal masses that have atypical 
imaging features or clinical presentations, making the 
diagnosis of an RCC less likely. Finally, biopsy may be 
used for patients with a renal mass that has typical 
imaging features of an RCC when they are very-high- 
risk surgical candidates. In these patients a positive 
biopsy makes surgical treatment more imperative and 
may help the patient and surgeon assess the risks of 
surgery versus its potential benefits. 

In one other unusual situation, renal mass biopsy 
may be somewhat helpful. A small number of patients 
have a propensity to develop multiple oncocytomas of 
the kidney. If a patient has had a renal oncocytoma 
surgically removed and develops other solid renal 
lesions, the excision of which would endanger the 
patient’s renal functional status, then biopsy may 
provide evidence to support a nonsurgical approach. 
Although a biopsy of these new masses that yields 
benign oncocytes does not definitively exclude malig- 
nancy, it does strongly support the diagnosis of benign 
lesions. These patients should be followed closely with 
cross-sectional imaging at intervals no longer than 6 
months. Any rapidly progressing lesions or lesions that 
develop imaging features atypical of oncocytomas 
should be considered highly suspicious for malignant 
tumors. 

The second group of patients who commonly undergo 
percutaneous biopsy are those with medical renal 
disease that requires tissue diagnosis. These biopsies 
are usually performed with US guidance. CT guidance 
can be used in especially difficult cases. Typically, the 
renal biopsy should be obtained from the posterolateral 
aspect of the lower pole of either kidney. Core biopsies 
should be obtained, and the core should include some 
of the cortex of the kidney so that numerous glomeruli 
will be present in the sample. To reduce the risk of 


bleeding, the biopsy trajectory should remain periph- 
eral and should not traverse the hilum or any visible 
vessels, nor should it traverse the far capsule. Auto- 
mated biopsy guns or manually operating cutting 
needles can be used to obtain adequate samples. 


Percutaneous Cystostomy 


To expand on other percutaneous drainage techniques, 
radiologists may also perform percutaneous cystostomy 
with standard radiologic techniques learned in other 
interventional radiology applications. Either a small- 
bore or a large-bore catheter may be used for cystos- 
tomy drainage. For short-term drainage, a small-bore 
(8- to 14-F) self-retaining drainage catheter can be 
used. In the author’s institution, standard nephrostomy 
catheters with the tip coiled within the bladder lumen 
are used. For long-term drainage, 24- to 30-F catheters 
should be used. 

Percutaneous cystostomy catheters are placed in 
patients with intractable incontinence, severe bladder 
outlet obstruction, or urethral laceration. In most of 
these settings percutaneous cystostomy catheters are 
used as a temporizing means before definitive surgical 
repair. 

The risks of percutaneous cystostomy placement 
are similar to those of other percutaneous drainage 
procedures and include a small risk of hemorrhage or 
infection. Percutaneous cystostomy is performed via a 
suprapubic needle puncture of the bladder that is per- 
formed near the midline. The puncture site is several 
centimeters above the pubic symphysis. Ideally, the 
bladder should be distended before the puncture. The 
bladder can be localized with fluoroscopy or US. Once 
the puncture is performed, a small aliquot of urine 
should be aspirated to confirm transvesical puncture. A 
guidewire is then advanced into the bladder lumen and 
the tract dilated to an appropriate size for placement of 
the drainage catheter. For large-bore drain placement, 
a balloon dilatation catheter should be used to rapidly 
dilate the tract from 10- to 24-F with one balloon dilata- 
tion. This technique also minimizes the risk of dislodg- 
ing the guidewire during repeated fascial dilatations. 
Once the tract is dilated, a sheath is placed through the 
tract over the guidewire, and a large-bore drainage cath- 
eter can be advanced into the bladder lumen. A Malecot, 
or standard bladder catheter with balloon retention 
device, can be used for drainage. The catheter should 
be sutured in place at the skin and left to external drain- 
age. Follow-up cystography or voiding cystourethrogra- 
phy can be performed in an antegrade fashion via the 
percutaneous cystostomy catheter. 


Percutaneous Renal Tumor Ablation 


Radical nephrectomy has long been considered the 
standard treatment for localized RCC. Meanwhile, 
renal-sparing surgery has grown in popularity and the 
techniques have been refined. Studies comparing surgi- 
cal techniques have shown that open partial nephrec- 
tomy is as effective in curing localized RCCs as radical 
nephrectomy. This indicates that complete eradication 
of a renal tumor can result in cure rates comparable to 
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utilizing complete removal of a kidney containing a 
tumor. Advances in imaging and thermal ablation tech- 
niques, combined with the theory that tumor destruc- 
tion will yield results comparable to tumor resection, 
have led to increased interest in image-guided, mini- 
mally invasive percutaneous thermal ablative tech- 
niques for the treatment of RCC. There is substantial 
experience using both radiofrequency ablation (RFA), 
which causes tumor destruction by heating, and cryo- 
therapy, which destroys tumors by freezing. Results 
with other ablation techniques such as microwave and 
high-intensity-focused US are limited. 

RFA introduces high-frequency, alternating current 
within the targeted tissue. Emission of this energy 
results in significant ionic agitation in tissues near the 
site of energy emission. This ionic agitation in turn 
results in the generation of heat. When living human 
tissues are heated above 49° C, immediate cell death 
occurs. The cell death is induced by denaturation of 
protein, melting of cell membranes, and thermal 
destruction of cytoplasm. For percutaneous image- 
guided RFA, the energy is delivered into the target 
tissue through needle-shaped electrodes. Currently 


available RFA electrodes range in diameter from 15 to 
17 gauge. 

Cryoablation uses argon gas to create an ice ball 
that causes cell death by hypothermic injury includ- 
ing cellular dehydration and disruption of cell mem- 
branes that occurs at temperatures below -40° C. 
Percutaneous cryoablation probes are 14 to 17 gauge in 
diameter. 

RCC cure rates are nearly identical for cryoabla- 
tion and RFA with similar rates (<5%) of serious 
complications. 

When percutaneous thermal ablation of renal tumors 
is performed, imaging guidance is required. This proce- 
dure is guided with CT scanning or sonography. The 
technique of placing the ablation probes is analogous to 
that of performing an image-guided biopsy of a renal 
mass (Fig. 10-21). The actual treatment of the tumor 
can be quite painful, so more sedation is required than 
for a standard needle biopsy. Most cases are performed 
with conscious sedation and local anesthesia, or with 
general anesthesia. 

There is a growing body of knowledge regarding per- 
cutaneous thermal ablation of RCCs. It appears that 


Technique and expected results for radiofrequency ablation of renal cell carcinomas. A, Contrast- 
enhanced computed tomography (CT) shows a 1.5-cm enhancing renal cell carcinoma (arrow) in the right kidney. 
B, One month later, an unenhanced CT with the patient in the prone position shows the tip of the ablation electrode 
(arrow) within the renal tumor for a second ablation. A small amount of gas has been released from the first ablation, 
done moments earlier, and is seen within the tumor. C, This contrast-enhanced CT obtained immediately after the 
ablation shows no enhancement of the tumor, with normal enhancement of adjacent kidney parenchyma. There is a 
small amount of perinephric stranding and foci of gas caused by thermal damage. D, This contrast-enhanced CT 
obtained 1 year after radiofrequency ablation shows no evidence of residual or recurrent tumor. There has been some 
atrophy and there is a sharp line of demarcation (arrow) between the normal kidney and the area of ablation. There 
is no enhancement in the area of treatment, indicating complete tumor eradication. 
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this technique has a rate of serious complications that 
is very low, preserves renal function, is well tolerated 
by patients, and can result in destruction of small renal 
tumors in many patients. In some patients viable tumor 
can be demonstrated following one session of thermal 
ablation. This may require further ablation sessions, 
but repeat ablations for treatment of residual tumor 
seem to be a safe procedure without a risk greater than 
for primary ablation. It appears that there is little renal 
damage associated with thermal ablation. Even in the 
treatment of central tumors the development of clini- 
cally important pelvocalyceal damage has not been 
reported. Because in vivo studies have demonstrated 
only a small amount of kidney destruction in the area 
surrounding the tumor, renal function should remain 
nearly intact following this procedure. In general, a high 
percentage of tumors 4 em or less in diameter can be 
completely eradicated with percutaneous thermal abla- 
tion. Long-term results indicate a 5-year cancer-free 
survival rate greater than 90% following thermal abla- 
tion. Follow-up imaging surveillance with CT or MRI is 
recommended. 

RFA has also been used for other applications in 
treating RCC. RFA has been used for palliation of symp- 
tomatic hematuria from RCC that was refractory 
to standard treatment techniques. RFA has also been 
used for the treatment of recurrent and metastatic 
RCCs. There have been anecdotal successes reported, 
however this technique must be viewed as preliminary, 
but promising. 

In summary, there is a growing body of experience 
supporting the use of image-guided thermal ablation for 
the treatment of primary RCC. Because surgical resec- 
tion is a technique with low mortality, and a proven 
success rate that is high, this remains the standard 
therapy for patients with potentially curable RCC. 
However, some patients with small, low-stage RCC may 
not be candidates for nephron-sparing surgery, so 
image-guided thermal ablation is an option for these 
patients. In addition, image-guided thermal ablation 
shows promise for the successful care of other patients 
with RCC. In particular, RFA has been used successfully 
for the treatment of intractable hematuria resulting 
from an RCC, local recurrences of RCC, both for 
attempted cure and for palliation of symptoms, and 
finally for the treatment of isolated metastases from 
RCC. The data remain limited for these applications, so 
this technique should be reserved until standard thera- 
pies have been exhausted. 


= INTERVENTIONS IN INFERTILITY 
Female Infertility 


Radiology plays a small but important role in the treat- 
ment of female infertility. Radiologists can be helpful in 
identifying female factors responsible for infertility, 
including uterine anomalies, and tubal factors including 
hydrosalpinx, salpingitis, isthmica nodosa, or tubal 
occlusion. These diseases are discussed more fully in 
Chapter 7. 

Interventional radiology techniques can be used to 
treat some women with obstructed fallopian tubes. 
Radiologically guided transvaginal fallopian tube recan- 


FIGURE 10-22 Occlusion of the interstitial segment of both fallo- 
pian tubes. This hysterosalpingogram demonstrates bilateral occlu- 
sion of the interstitial segment of the fallopian tube (arrows). This 
type of fallopian tube occlusion is often amenable to radiologically 
guided recanalization. 


alization is a safe and effective technique for restoring 
patency to fallopian tubes that are blocked near their 
junction with the uterus. Proximal tubal occlusion pres- 
ents a unique opportunity for radiologists to assist in 
the treatment of female infertility. Blockages of the fal- 
lopian tubes that occur within the first 1 to 2 cm of 
the fallopian tube os (Fig. 10-22) are problematic for 
gynecologists. Because this interstitial segment of the 
fallopian tube is surrounded by the myometrium, it is 
inaccessible to laparoscopic visualization. In addition, 
surgical studies of resected fallopian tubes have dem- 
onstrated that the single most common cause of inter- 
stitial fallopian tube obstruction is debris blocking an 
otherwise normal segment of tube. This fact has led 
radiologists to perform recanalization procedures in 
which catheters and guidewires are used to dislodge 
these blocking debris plugs. This technique, a modifica- 
tion of standard guidewire and catheter technique, can 
be performed as an outpatient procedure with minimal 
risks. Recanalization of an interstitial tubal blockage 
is successful in nearly 90% of patients, and up to 50% 
of patients can achieve conception after fallopian 
tube recanalization. 

Detailed description of fallopian tube recanalization 
techniques is beyond the scope of this chapter. However, 
in brief, fallopian tube recanalization is usually guided 
fluoroscopically after contrast-material hysterosalpin- 
sography. After confirmation of proximal fallopian tube 
occlusion with the contrast study (Fig. 10-23), a 5-F 
angiographic catheter is advanced through the cervical 
canal and maneuvered until it engages the fallopian 
tube os. The fallopian tube is actually recanalized using 
a coaxial system comprising a 3-F catheter and a 
0.046 em (0.018 inches) guidewire. This catheter and 
wire system is advanced through the lumen of the 5-F 
catheter and into the lumen of the fallopian tube (see 
Fig. 10-23). Gentle guidewire probing usually leads to 
successful fallopian tube recanalization. A selective sal- 
pingogram is then performed to confirm successful 
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recanalization and to assess the status of the entire fal- 
lopian tube. If necessary, the procedure can then be 
repeated to recanalize the contralateral tube. 

Potential complications of fallopian tube recanaliza- 
tion include tubal perforation. Although perforation 
occurs in approximately 15% of cases, it is self-limited 
and rarely leads to morbidity or sequela. Clinically 
significant infection or bleeding is also rarely caused 
by fallopian tube recanalization. As with other inter- 
ventional procedures, intraprocedural vasovagal reac- 
tions occur occasionally. The cause appears to be 
psychological stress, and these reactions are readily 
reversed with infusion of intravascular fluid and atro- 
pine, when necessary. 


Male Infertility 


Radiologists have a role in the management of 
male infertility patients. The major role of the interven- 
tional radiologists in this regard is in the diagnosis 
and treatment of some patients with impotence and 
for occlusion of varicoceles. A majority of men with 
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nonpsychogenic impotence have vascular disorders of 
the arteries or the veins of the penis. Normally, there 
must be minimal venous outflow from the penis to 
maintain an erection (Fig. 10-24). Excessive venous 
outflow, also known as venous leak, is the most common 
vascular abnormality causing impotence. Once diag- 
nosed, venous leak can be treated surgically with venous 
ligation or arteriovenous bypass grafting. As an alterna- 
tive to surgery, veins draining the penis can be occluded 
percutaneously after catheterization of the dorsal vein 
of the penis. Draining veins are then selectively cath- 
eterized, followed by ablation of these veins with intra- 
vascular sclerosants. 

A minority of patients with vascular-based impo- 
tence suffer from arterial insufficiency. In most of these 
cases atherosclerotic disease is the underlying cause. 
In a small percentage of patients, arterial occlusions 
develop after focal trauma to the pelvis and perineum. 
In either case, angioplasty of stenoses or occlusion of 
the pudendal artery or its branches, including the 
penile artery and the cavernosal branches, has been 
disappointing. Long-term patency of these vessels has 


0.038 in. J wire 
5-F. Catheter 


Cervix 
Cervical Cannula 


Vagina 


3-F. Catheter 0.018 in. Wire 


Blockage Moved 


6-F. Catheter 


FIGURE 10-25 Sequence of steps used for fallopian tube recanalization. A, Diagram of bilateral interstitial fallopian 
tube occlusion confirmed with hysterosalpingography as the first step in the recanalization procedure. B, Diagram 
demonstrating advancement of a curved catheter to the left fallopian tube os. C, Radiograph demonstrating selective 
catheterization of the left fallopian tube os. A radiopaque line (arrow) marks the end of the angiographic catheter at 
the origin of the fallopian tube. D, Diagram demonstrating the process of recanalizing the occluded fallopian tube. 
The recanalization is performed using coaxial technique to dislodge the blockage. 
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Contrast Medium 


FIGURE 10-23, cont'd E, Radiograph demonstrating left fallopian tube recanalization with a 0.018-in. guidewire 
(arrow) that has been advanced into the fallopian tube beyond the site of blockage. F, Diagram demonstrating per- 
formance of a left salpingogram following recanalization. G, Radiograph demonstrating successful recanalization of 
the left fallopian tube. The fallopian tube is patent, with free spillage (arrowheads) into the peritoneal cavity. 


not been achieved in most patients treated with trans- 
luminal angioplasty. Alternatively, focal stenosis of one 
or both hypogastric arteries can be treated successfully 
with angioplasty. Compared with the smaller arteries 
supplying the penis, the hypogastric artery has a larger 
caliber and higher flow rates, factors that likely account 
for high patency rates with angioplasty treatment. 

Angioplasty of the hypogastric artery can be per- 
formed after diagnostic angiography. Typically, the 
artery to be treated is approached via puncture of the 
contralateral common femoral artery. Standard angio- 
graphic guidewires and angioplasty balloon catheters 
are used for treatment. The size of the angioplasty 
balloon depends on the diameter of the blood vessel as 
measured during the diagnostic studies. 

In addition, treatment of other causes of male infer- 
tility is being explored at some institutions. Techniques 
used for fallopian tube recanalization have been 
extended to treat male patients with ejaculatory duct 


occlusion. Bilateral ejaculatory duct occlusion or steno- 
sis is a cause of azoospermia. In some instances, this 
condition can be treated with radiologic recanalization 
techniques. Transrectal seminal vesicle puncture can 
be achieved under ultrasonic guidance. A catheter and 
guidewire can be steered through the seminal vesicle 
and into the ejaculatory duct. Once the guidewire has 
traversed the ejaculatory duct orifice, it can be advanced 
into the urethra. This guidewire can be retrieved and 
used for retrograde balloon dilatation or incision of the 
ejaculatory duct orifice. This minimally invasive tech- 
nique confirms that no orifice in the body is safe from 
the radiologist’s probing. 


== PERCUTANEOUS TRANSLUMINAL 
ANGIOPLASTY 


Percutaneous transluminal angioplasty in the urinary 
tract is limited to treatment of renal artery stenoses and 
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FIGURE 10-24 Cavernosogram. This left posterior oblique radio- 
graph demonstrates contrast opacification of the corpora cavernosa 
of the penis during chemically induced erection. Normal cavernosog- 
raphy demonstrates opacification of the entire corpora cavernosa 
bilaterally with minimal, if any, venous filling. There is filling of the 
dorsal vein of the penis (arrows) as well as minimal venous filling of 
periprostatic veins (arrowheads) on the right. This periprostatic vein 
opacification indicates a minimal venous leak in this patient. 
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FIGURE 10-25 Renal artery fibromuscular dysplasia. This digital 
subtraction arteriogram demonstrates the typical appearance of renal 
artery fibromuscular dysplasia bilaterally. This type of renal artery 
stenosis is usually amenable to percutaneous transluminal angio- 
plasty treatment. 


hypogastric artery stenoses, as previously described. 
Percutaneous transluminal angioplasty is an accepted 
technique for the treatment of focal stenoses of the 
renal arteries. Angioplasty is used to improve perfusion 
to the kidney and to treat renovascular hypertension 
and renal insufficiency resulting from renal underper- 
fusion. Renal artery angioplasty is performed after 
demonstration by diagnostic arteriography of lesions 
amenable to percutaneous treatment with standard 
angioplasty techniques. The best results with translu- 
minal angioplasty have been achieved in treating focal 
areas of fibromuscular dysplasia (Fig. 10-25). Athero- 
sclerotic lesions away from the origin of the renal artery 
also respond well to angioplasty treatment. Ostial ath- 
erosclerotic lesions, however, respond poorly to angio- 
plasty alone, and there is evidence that angioplasty 
augmented with primary stenting improves patency 
rates. 


TABLE 10-3 Suggested Materials for Renal 
Embolization 
Lesion Embolic Material 


Arterial bleeding Gelfoam and coils 


Vascular malformation Polyvinyl alcohol and coils 


Ethanol 


Renal ablation 


Polyvinyl alcohol, Gelfoam, and 
ethanol 


Renal neoplasm 


Needless to say, renal artery angioplasty requires 
careful and meticulous techniques. Particular care 
must be taken when crossing a stenotic lesion with a 
guidewire. Plaques are easily undermined during cath- 
eterization, and the result can lead to dissection, distal 
embolization, and renal artery occlusion. Vasodilators 
should be administered concurrently with renal angio- 
plasty procedures to avoid excessive arterial spasm and 
resulting thrombosis. 


== PERCUTANEOUS VASCULAR OCCLUSION 


Complete discussion of this topic is beyond the scope 
of this chapter. However, the radiologist should be 
aware of some applications in which percutaneous arte- 
rial occlusion techniques are useful in genitourinary 
radiology. Arterial occlusion is useful in genitourinary 
radiology to treat active arterial bleeding and arterial 
venous malformations, to devascularize hypervascular 
tumors, for nonsurgical renal ablation, and to treat 
intractable uterine bleeding. 

Active renal hemorrhage usually occurs after renal 
trauma, including iatrogenic trauma. With the increased 
use of percutaneous renal biopsy and transrenal proce- 
dures, iatrogenically induced arterial injuries including 
active bleeding, arteriovenous fistula, or pseudoaneu- 
rysm, are not rare. Renal arteriography may be diag- 
nostic or adjunctive to US in the diagnosis. Regardless 
of the cause, active bleeding from branches of the renal 
artery may be treated with percutaneous transcatheter 
embolization (Fig. 10-26) in many cases. Ideally, super- 
selective catheterization of the bleeding artery should 
be performed, followed by transcatheter delivery of 
embolic materials (Table 10-3) such as Gelfoam parti- 
cles and metal coils to occlude the bleeding end-artery 
branches. Superselective catheterization and emboliza- 
tion minimizes damage to normal renal parenchyma 
while preventing further bleeding and avoids the risk of 
collateral arteries supplying the bleeding focus. Super- 
selective catheterization can usually be achieved with 
coaxial systems that are available commercially. Small 
peripheral pseudoaneurysms may be treated in the 
same way. In the case of arteriovenous fistula occlusion 
(Fig. 10-27), careful selection of the size of embolic 
materials is important because arteriovenous shunting 
will be prominent, and systemic embolization can occur 
as a complication. Gelfoam pledgets can be used ini- 
tially to devascularize the majority of these arteriove- 
nous fistulae. Devascularization should be followed with 
a permanent occlusive agent such as polyvinyl alcohol 
or coils. 
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Percutaneous transcatheter embolization of active renal hemorrhage. A, This trauma patient was 
hemodynamically unstable and extensive perinephric hemorrhage was diagnosed with computed tomography. This 
selective right renal arteriogram demonstrates active bleeding (arrow) from an upper-pole renal artery branch. 
B, Following selective catheterization of this branch, metal coils were used to occlude the bleeding artery, leading to 
rapid stabilization of this patient’s condition. 


Percutaneous embolization of a renal arteriovenous malformation. A, This young man suffered from 
intermittent episodes of severe gross hematuria. This selective right renal arteriogram demonstrates a focal, vascular 
malformation (arrowheads). B, Following superselective catheterization with a coaxial catheter system, a metal coil 
(arrowhead) was used to occlude the feeding artery and obliterate the vascular malformation. 


390 Genitourinary Radiology: The Requisites 


B 


FIGURE 10-28 Renal artery ablation. A, This midstream aortogram 


demonstrates normal renal arteries bilaterally. This dialysis- 
dependent child with chronic renal failure had intractable hyperten- 
sion. This arteriogram was done as a prelude to renal ablation therapy. 
B, This arteriogram was taken following ablation of the renal artery 
and its branches with injection of alcohol. There is complete occlu- 
sion of the main renal arteries and no flow to the renal parenchyma, 
indicating successful renal ablation. 


Embolization techniques for renal ablation or 
devascularization of renal malignancy require slightly 
different techniques. Therapeutic renal ablation is 
usually performed in patients with chronic renal failure 
who develop symptoms secondary to problems related 
to their native kidneys. These problems can include 
intractable hematuria, hypertension, or proteinuria. In 
these cases devascularization requires widespread, per- 
manent occlusion of all renal artery branches (Fig. 
10-28), including tiny cortical branches. Devasculariza- 
tion of renal malignancies is performed as a palliative 
measure, or to lessen intraoperative bleeding in surgical 
candidates. In patients with advanced-stage RCCs, pal- 
liative treatment is used for symptoms such as intrac- 
table hematuria or pain related to the primary or 
metastatic tumor. Tumor embolization can also be per- 
formed for benign angiomyolipomas at high risk for 
bleeding (previously ruptured or those > 4 cm). 

For renal ablation, a liquid sclerosant, such as abso- 
lute alcohol, should be used so that renal ablation is 
complete and irreversible, leaving no functioning renal 
parenchyma. To ensure that injected alcohol is limited 
to the kidney, precautions must be taken during abla- 
tion. After catheterization of the renal artery, a latex 
balloon occlusion catheter is placed selectively in the 
renal artery. With the balloon inflated to occlude blood 


flow in the renal artery, contrast material is injected 
through the lumen of the catheter and into the renal 
artery branches. With fluoroscopy, the volume of scle- 
rosant needed to ablate the kidney can be estimated. 
Usually, 2 to 5 mL of alcohol is adequate to completely 
ablate a single kidney. Once the needed volume has 
been estimated, the balloon is deflated for several 
minutes to allow the kidney to reperfuse. The balloon 
is then reinflated, and the alcohol or other sclerosant 
is gradually injected into the renal artery. Balloon infla- 
tion is maintained for 10 additional minutes. After the 
balloon is deflated, a follow-up renal arteriogram is 
obtained (see Fig. 10-28). If ablation is incomplete, the 
procedure can be repeated. 

For renal tumor ablation, particulate embolic agents 
such as polyvinyl alcohol are ideal. After feeding vessels 
are catheterized, polyvinyl alcohol is injected slowly 
through the catheter to occlude vessels supplying the 
renal tumor. Follow-up arteriography is used to gauge 
the adequacy of tumor devascularization. Absolute 
alcohol and Gelfoam can be used as secondary agents 
for kidney tumor ablation. After significant devascular- 
ization and absence of significant arteriovenous shunt- 
ing have been achieved with the particulate agents, 
absolute alcohol may be injected sparingly for further 
devascularization. 

Occluding devices, such as vascular plugs, coils, or 
occlusion balloons, should be avoided when attempting 
to ablate renal tumors or native kidneys. These agents 
are excellent for large-vessel occlusion or to occlude 
terminal branch vessels; however, numerous collateral 
networks can potentially supply the kidney, and these 
may enlarge if the major renal arteries are occluded 
therapeutically. The result is not only inadequate devas- 
cularization, but also possible compounding of the 
problem, because repeated catheterization and emboli- 
zation are extremely difficult or even impossible when 
only collateral pathways provide the major perfusion to 
the kidney. 


m= UTERINE ARTERY EMBOLIZATION FOR 
THE TREATMENT OF LEIOMYOMAS 


Since the mid 1990s there has been an increase in the 
use of percutaneous embolization for treatment of 
symptomatic uterine leiomyomas, also known as uterine 
fibroids. Uterine fibroids are common, with a 20% 
to 40% incidence in women older than 35 years of 
age. These benign, smooth muscle tumors frequently 
become symptomatic. The most common symptom of 
uterine fibroids is menorrhagia. This irregular bleeding 
can range from merely inconvenient and bothersome 
to severe, causing anemia. Other symptoms commonly 
caused by uterine fibroids include pelvic pain, pressure, 
bloating, abdominal distention, urinary frequency, con- 
stipation, and infertility. 

Uterine artery embolization (UAE) has emerged as a 
minimally invasive treatment option for patients with 
symptomatic uterine fibroids, which carries lower mor- 
bidity and mortality compared with surgical options. 
Recovery time and cost are less than those for a com- 
parable surgical procedure. Patients may remain fertile 
after UAE, an impossibility after hysterectomy. UAE is 
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technically successful in 95% to 99% of cases. Symp- 
tomatic relief of menorrhagia occurs in 90% of patients. 
Volume of the uterus and of the fibroids decreases in 
most patients following UAE: there is a 30% to 50% 
decrease in the size of the uterus and a 40% to 100% 
decrease in the size of the fibroids 3 months after UAE. 
Symptom relief from bulk-related symptoms occurs in 
70% to 90% of patients. Patients with submucosal 
fibroids and smaller fibroids tend to have better symp- 
tomatic relief than others. Postembolization syndrome, 
consisting of the self-limited constellation of pelvic 
pain, cramping, nausea, vomiting, and low-grade fever, 
is an expected consequence of UAE, and is self-limited. 
Although difficult to quantify, there is likely a risk of 
ovarian failure related to UAE, although many of the 
patients treated are perimenopausal. 

UAE is performed via a femoral artery puncture. An 
aortogram is often performed first to assess for possible 
collateral ovarian supply to the fibroids. A nonselective 
pelvic arteriogram is then performed, followed by selec- 
tive catheterization of the uterine artery. The uterine 
artery is typically the first branch of the anterior divi- 
sion of the internal iliac artery, and has a characteristic 
horizontal segment before reaching the uterus. It is 
desirable to advance the catheter tip into this artery 
beyond the origin of the cervicovaginal branch and 
detectable ovarian artery collaterals, when these are 
visible. Treating from beyond the horizontal segment is 
usually safe. In approximately 2% of patients there are 
multiple uterine arteries and in another 2% there is 
partial replacement of the uterine artery. Several differ- 
ent permanent embolic agents can be used successfully. 
Most patients have been treated with polyvinyl alcohol 
particles, or trisacryl gelatin microspheres usually 
ranging from 500 to 900 um in size. Both of these mate- 
rials are small enough to occlude the prefibroid vascular 
plexi, which are the targets for achieving optimal results 
with UAE. Each uterine artery is embolized until there 
is stasis of flow or significant pruning of vessels feeding 
the uterus. 

Imaging plays an important role in UAE planning. 
Preprocedure imaging, usually consisting of pelvic MRI, 
is useful to determine the number, size, location, and 
degree of enhancement of the fibroids, all of which may 
impact therapy, and to exclude other potential causes 
of symptoms, such as ovarian pathology. Following 
UAE, MRI of the pelvis may be complementary to clini- 
cal evaluation. Typically, treated fibroids will decrease 
in volume: fibroids originally 5 cm or less may disap- 
pear completely. They will have increased signal on 
T1-weighted images, decreased on T2-weighted images, 
and have diminished or absence of enhancement fol- 
lowing intravenous gadolinium injection. Growth of a 
lesion following UAE should raise the possibility of an 
underlying malignancy, such as a leiomyosarcoma. 

In summary, UAE is a minimally invasive alternative 
to surgical management of symptoms caused by uterine 
fibroids. This technique has a high rate of success and 
a low risk of complications. 

An emerging technology for noninvasive treatment 
of uterine fibroids is high-intensity-focused US. This 
procedure is done with MRI guidance and uses an extra- 
corporeal US source. The high-intensity US waves 


generate lethal levels of heat in the targeted area. This 
procedure is only available at a limited number of 
medical centers. 
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netiropathic, 225 
nodal metastases of, 197 
normal, H, 25° 
normal anatomy of, LF 
pathology of, 194.222 
pear-shaped, 2237 
schistosomiasis in. 217-219. 23W 
sonography ué. 196-197 
common indications for, 17 
spastic, 226 
teardrop, 22 
trabeculated, 205-219 
traumi und, 224.225 
tumor stage in, 195196 
uninhibited newrogenie 22% 
Bladder cancer 
CT for, 200 
extravesicul eXtension of, 272° 
stage Ty 20 
Bladder carcinoma, 319, 22 
calcification in, 2" 
munagernent of, 196 
Bladder disease, radiographie sigus af, 1 ily 
Bladder diverticulum, 223. 224 
Bladder ears. 21-211 
Bladder filling, 13 
Bladder hyperretlexia, 226, 2257 
Bladder mass. 36 
enlarged right external ilise lymph node 
with, 37 


Bladder obstruction, 2164 
Bladder-outlet oletrnction, 154, (4. 206, 
277 
Bladder perforation, 210-211 
Bladder rupture, 224-225, 2246 
extraperitoneal, 2257, 2247 
iatrogenic, 224 
intraperitoneal. 224. 22@-227¢ 
posttraumaric, 224 
Bladder schistosomiasis, 207 
Bladder stones, 215-216, HOIN 
Bladder trabeculation. 22% 
Bladder wall 
calcification in, 215-221, 215b 
diffuse thickening of, 202.208, XI 
inflammatory lesions uf 219 
invasion, staging of, 204 
outpouching of, 208-211. 2044 
trabeculation of 203-204, 204/. 305-209 
Bland thrombus FY 


Blood clots, as cause of ureteral filling defects 
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Bone, distant metastases to, A 
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renal masses. 72. 72¢_ 73-747, 105 
Hosntal IE renal mass, 73-74 
Bosniak: TV cystic renal carcinoma, TH 
Bosniak IV renal nmass. 7. 
Bowstring effect. 155 
Bridging vascular sign, 274-275, 273 
Brunn nests, 205 
Bullous cystitis, 35, 357 
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in bladder wall, 215.221, 2156 
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Calciheation (Continued) 

iñ renal mass, 65, 69b. GOF 

in testicular cancer, 316 

in urinary tract, 139 
Calcium monohydrate stones, 1S 2.0K 
Calcium phosphate, 219 
Calcium phosphate stones, pure, 182-153 
Calculus, ureterovesical junction edema 

secondary to, 1797 

Calyceal tmputation, TH, Tif, 977 
Calyeeal diverdeulum 

classifiention of, 57-59, 57h, viy 

type l, 57-39 

type I, 57-59 

type TI, ay 
Calyeeal renal tuberculosis, 1U 
Calvoes 

fungal debris in, 185 

formal anatomy of, 370 

posterior, 30" 

puncture of, VLNY 


Captopril. 112 
Cardiac disease, 141-141 
Cardiac rhabdomyenias, % 
Caroli disease. 137 
Catheter, 9 
in percutaneous nephrostomy drainage, 
372, MY 
Catheter hysterosalpingograms, 1f 
Cavernosal artery, 334-344 
Cavermosogram, 389 
Cerebral hamartomas, 
Cervical enncer 
CT for, 295-209, 2000 
incidence of, 207 
MRI for, 209, Any 
pea, emission tomography-(T for, MI. 
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preinvasive, 297-298 

staging of, 298, 20Nb 
Cervical duplication, 257-258 
Cervical fibroid, 272. 2737 
Cervix 

MRI of, 26 

zonal anatomy of, 26 
Chemical-shilt inmging, 339 
Chemioal-shift MRI 

Jor adrenal adenoma, 400 

for adrenal metastases, 142-344 
Chemolysis infesion systems, 179 
Chlamydia trachomatis, 234, Iw 207 
Chorioadenoma destruens, 295 
Ohorioearcinoma, ovarian, 285, 205-207 
Ohromaffin cells, I4 
Chrome atrophic pyelonephritis, Wis 10 
Chronic hydronephrosis, 12 
Ohwalla membrane, 154 
Coagulation profile, 366 
Collecting doct carcinomims. 44 
Collecting system eetasia, 113-115 
Collioulus seminalis, 191-192 
Collision tumor, 344, IAFF 
Colon cancer, with hematuria, J017 
Cofovesioal fistulas, 211-212, 2114, 2157 
Columns of Bertin, 327 
Complex cystic masses, 289, 2890h 
Compound ealys, 152 
Computed tomography (CT), 20.22 

of abdomen, 20-21 

for adrenal adenoma, 340. 359 

of adrenal gland, IU, 334 

for adrenal hyperplasia, 338, AIS/ 

for adrenal me wo 

for angomyolipoma. 
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Computed teonmèraphy (CT) (Continued) 
Mttenuation Value, 2) 
for autosomal dominant polycystic kidney 
disease, OY 
of bladder, 2921, IY 
for haider neoplasms, 197 
of blindeuding bifid ureter, 537 
for cervical cancer, 298-299, TIEM 
contrast-enhanced, M, 24-237 
for cystic nephroma, 85. S6 
for eystic renal masses, 72, 72r 
for endometrial carcinoma. 293-24, 
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for normal anatoniy, 20-22 

af normal corticomedullary differentiation, 
19 
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for ovarian neoplasms 289 

of ovary, 227 
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for pelvic inflammatory disease (PID), 268 
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for percutaneous urinary tract procedures, 
360 

protocols for specife clinical problems, 
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for peelonephritis, “OF 

for renal abscess, SSF 

for renal artery stenoses, 112 

for renal cell carcinoma, 74f, 75, 75h. 
TFT, TUY 

for renal infarotion, LOLS 

for renal laceration, 142, H44 

for renal lymphoma, 80/4 

for renal mass, (21 10 

for renal trauma. 142 

for renal tumors, 104-105 

jog retroperitoneal fibrosis, 16y 
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Strate study, 35 

technique ia, M 

for tubo-ovarian abscess, 270, 270-27 

unenhanced (nopcontrast), 27 

for ureteral obstruction, 1177 

for ureteral stunes. 179-181. 179619 


Computed tomography (CT) angiography 

for renal artery stenoses, 112 

for renal cell carcinoma, 79, T9 
Computed tamograpliy (CT) scanners, 20 
Computed temography (CT) erography, 5. 

146-148 

exeretory phase, 146147 

for hematuria, > 

interpretation, 5 

nephrogram phase. 146-147, 14467-0407 

noncontrast phase, [46-147 

Isy 


Computed tomography (CT) uregraphy 
(Continiied) 

protocol. 7 

technique, 5-7, Tf 

three-sean, 146-147, 147 

twosean, 1 LAT. HAT 

for upper tet urothelial canoer 148 

for urothelial carcinoma, 176 

tomography ureéram (CTL), of 

Condylomata acuminata, 241 
Congenital abnormalities 

female genital tract, 254-200 

kidney, 40-65 

renal classification, 43-61 

in upper urinary aet, 40 

see also under specific aspeets 
Congenital adrenal hyperphsis. HSF 364 
Congenital eystic disease, 52-59 
Congemtal nephritis, 140 
Congenital saccular diverticulum, 242 
Congenital stricture. 157. 157-134 
Congenital ureteral diverticulum, 156-157, 


in voiding cyscourethreagraphy, 32-39 
see also Radiographic contrast media 
(ROM) 
Corpore cavertiosa, ILI 
Corpus luteum 
cyst, 277-278, 288-250 
formation of, 252-25) 
Cortical nephrocaleinnsis, Ly, L014, 
wif 
causes of 13% 
Gonicomedullary differentiation, 257 
Corticomedullary phase scanning, 142 
Corticotropia, 337 
Corticortropin-releasing hormone (CRI), 337 
Cowper duct, 244 
Cowper gland, 244 
Cross-sectional imuging af renal mass, 7! 
Crossed fused eetopia, StF 
in kidney, 48-29, Sor 
Cryoablation, 264 
Cryptorchidisny, 31932), 325.126 
complications of, 320 
surgical correction af, 33) 
unilateral, 320 
CT. see Computed tomography (CTI 
Cushing syndrome, MO 
endogenous. 3616 
evaluation of, JINE, Jaf 
Cyclophosphamide, 207-205, 219 
Cyclophosphamide evstitie, 205 


ablation, 341 
epididymal, 310-311, ATI 
functional, 277-274 
Mallerian duct, 14. 325.326, 3207 
ovarian, 277-280 
physiologic, 277-279 
puncture, in renal mass evaluation, 104 
Cystectomy, 232 
Cystic adrenal mass. S546 
Cystic lesions, renal, 72-74, 73 
Cystic nephroma, 597, 73, 6557 
features of, 55h 
IVU af 85 
Cystic ovarian mass, soougmphy of, 289° 


Copyrighted Material 


Gystic renal cell carcinoma, 757i B587 
Gystic teratoma, mature, ISSAI, 285-250 
Oystits, 205-208, 2037 

bullous, 205, 205 

chronic, 208 

classifivation of, 205% 

clinicopathologie deseriprors of, 205/ 

cyclophosphamide, 2U5 

focal mural abnormalities attributed tr, 

Mah 

fulminant hemorthagle, 207-206, 2077 

noninfectious, 20-208, DOTAINN 
Gystitis cystica, 205 
Cystitis dindolaris, 155-162, 25 
Cystocele, 14-20), 212-215 

eystegraphio diagnosis of, TL 
Cystogram, pormal, 9-10, 1 
Cystography, % 10), 224-225 
Cyatometey, 194 


D 
Deep infiltrating endometriosis, I5, 2457 
Dehydroepiandrosterone (DHEA), 338, 354 
11-Deoxyeortisol, 354 
Dermoid eyst. 284, 2855h, 2554-28, ISH-2SY 
Detrasor mmsele 
function, intravenous urography of, 1%} 
hyperactivity, 225 
hyperreflexta, 225 
inadequacy. ‘ 227-228 
instabiliey, 225 
Detumeseence. JH 
DHEA, see Dehydroeplandrosterone (DHEA) 
Diabetes mellitus 
bilateral renal enlargement from, | 24° 
insulin-dependent, 1 
Diatrivoate, 42 


Diethyistilbestrol exposure in utero, 250-30, 


20h, 2H0/-261F 
Differential pressure (DP) between bladder 


and Kidney, 12 


Diffuse parenchymal abnormalities, of kidney, 


107-145 
Digital subtraction angiography (DSA), 20 
Diphenhydramine, 4r 
Distal ureteral stricture, demonstrated hy 
urodynamic antegrade pyelography, 127 
Diverticula, 28-200, 1084, 2006211 243 
Doppler shift frequency, 1-20) 
Doppler spectra, 19-20 
Dowble-balloon urethrography, 244 
Douglas ponch, 225 
Dromedary hump, 52 
renal, 5V 
Doal-energy C'T, 183-153 
Duplication anomalies, 52, 547 
Dynamic retrograde urethrography, Y, JA 
Dysmenorrhea. 260 


E 

Ejaculatory duer 305, I7 

Emboli, renal infarcts and, 101-102 
Embolization techniques, for renal ablation, 


of bladder. 190-19) 

of genital ducts, 245 

of kidney, 4142 

of male genital tract, JO1I05 

of ovary, 248 

of urethra, 190-19) 
Emphysematous cystitis, 214, 274° 
Emphysemuatous pyelitia, 122. 124/_ 185, 
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Endometrial stripe thickness, 2506 


ultrasound for, 262, 2677 


hyperplasia of, 24) 
Endopyelotomy. 374. 377, ISW 
Endotoxins, 177 
Endovaginal sonography, 1-17, 34 
Enternbacter aemgenes, 214 
Enterovesical fistubas. 211-212. 2144, 2177 
Epididymal cyst. 310-311, 31/ 
Epididymal head, 19 
Epididynsis. 1V 

auatomy of, 305, Iy 


Ethylene gycol 140 

Excretory urography, 65, 143-144 

Expansile renal masses, 67. 67h, 67r 
solitary, AN) 

Extracorporeal shock wave lidhotripsy 

(ESWL), 377, 379 
Extratesticuler masses, WILL 301 
Pxtrauterine disease, CT for, 193-294 


F 
Focelexs hidney, 708, UY 
Fallopian tube, 13-14, 252, 252 


Past (turbo) spin-echo pulse sequence, 2), 
ay 
Fat, intratumoral, 90-91 


Fat saturation, early posteontrast Tl-weighted 


image with, 303 
Pat saturation and chemical-shift magnetic 
resunance imaging 24 
Female genital tract, 245-305 
congenital anomalies of, 254-260 
Ferale pelvis, MRI of, 17-38 
Female reproductive tract, 245.254, 
249 
Female urethra. 192-19), 19. 
carcinoma of, ZV9-241 
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Fibroids, 272, 2726 
evaluation of, 276 
MRI for, 267%, 27. 
ultrasonography for, 272-275, 2747 
Fistula formation, 215-233 
Fitz-Hugh-Curtis syndrome, 270, 274 
Flank trauma, iA renal artery stenosis 
132 
Pluorine-I8 (erodeoxytlocese (FOX) 
Positron emissión tomography (PET), 
H0 
Fluoroscopy, 309, 375-276 
Focal infiltrating renal lesions, 102 
Focal xanthogranulomatons prehunephritis, 
65-69, 85 
CT for, SSf 
features of, 58% 
Pollicle-stimulating hormone (PSH), 252 
Follicular eyst, 277 
Follicular development, 252 
Fournter gangrene, ATIII 31y 
Fractured calculus sin, 100-10) 
Fulminant hernorrhagic evstitis, 397-204_ 
way 
Fungus debris, 155. 180 
furosemide, in compated tomography 
arography, 140-147 


G 

Garnier duet cyst, 248, 250° 

Gas eollectinas, 122 127 

Genital ducts, embryology. 245 

Genital tract. see Female genital rect; Male 
genital troct 

Genitourinary nuliolody, interventional, 


Genitourinary triet 
angiography of, 25 
anomalies of, 40 
CT af, 35 
tuberculosis of. 206 
Geographic infiltrating renal masses, “47 
Germ-cell tumors, 313314 
Avaria, 254, 255) 
Gerota fasela, 62 
Gestational trophoblastic disease (GTI), 
295-297, 2977 
malignant forms of, 205 
sanography af 79529 
GFR sev Glomerular filtration cow (GFR) 
Glomerular filtration. J0 
Glomerular Oleration mte (GPR), 1 
Glomerular hypertrophy, 115 
Glomerulonephritis 
bilateral renal enlargement from, 12 
cortical nephrocaleinesis and, 139 
Glueoheptonate, 31 
Goblet sign, LM4-16" 
Gonadal arteriography, 25 
Gonadal venography, ISe 
Gonneoeeal urethritis, 234 
Goodpasture symdrome 129-130 
Graafian follicles, (7 
Gradient-echo pulse sequence, 23 
Granulonut formation, 217 
Grawitz tomor see Renal cell careiniuna 
(ROC) 
Growing caloulus sign. 137 
GTD. see Gestational trophoblastic disease 
(GTM) 
Guldewire 
in percutaneous nephrostomy drainage, 
INY 
in transluminal ureteral dilatations, 
S79-3KL 
in ureteral stenting 374 ITA 


Copyrighted Material 


Gynecologic oncology, 282.10) 
Gynecologic radiology, 248 


H 
Hamartornm, W) 

periventricular calcifications of, 96 
Hand-in-glove appearance, 185 
Nemangioblastomas, von Mippel-Lindan 

disease nnil, 4, 956 
, 05-09 

Hematocele, serotal, 3127 
llematoma 

intratesticular, 3197 

subcapsular, 112 
Hematuria, 129-130. 374 

colon cancer with, 24 

GT urography of. & 
Nemihtypertrophy, 127, 1277 
Hemorrhage 

from angiomyolipontas, 133-134 

perirenal, 144 
Hemorrhagic eyst, 277-278, 2787.27 
Hemorrhagic oystitis, 205 
Benoch-Sohônlein purpura syndrome. 

129-1.) 

Hepatesplenomegaly, 54-55, Stuf 
Herlya-Werner- Wunderlich syndrome, 254, 


ureterosclatic, 164, 1677 
Werniorrhaphy, 210-211 
High-osmolar contrast media (HOOM), 2 
Hilar lips, 52 
renal, 53 
Horseshoe kidney, 46-44, 447 
CT of, 487 
magnetic resonance urugraphy of, AW 
radiographic abnormalities of. 46b 
stones in, 497 
Hoennsfield unit values, in renal masses. 
72.74 
Human chorionic gonadotropin (HOG), 
313-314 
Iluman immunodeficiency virus (IHV)- 
associated nephropathy, bilateral renal 
enlargement from, 1297 
Hotch diverticulum, 164. 150 
Jiyaline degencration, 275, 377 
Hydatid of Morgagni, WIS 
Hydatidiform mole, 295, 204/ 
Hydrocele, 28%. 310-411, J14 
llydronephrosis, 61, 116, 149, 151 
Hydronephrotie MDK, 54, 54b 
Hydrosalpinz, 362-2634, 2657. 267-264 
CT for. 268. 2697 
Hydroureteronephrosis, 119, 157. 171 
Ilyperaldosteronism. 362, 362b 
Hypercaleemin, 1.4137 
Hyperechogenioiry, 331 
Hyperechotc renal cell carcinoma, 
77-78. TAF 
Uspemephronm, see Renal cell 
carcinoma (ROC) 
Hyperoxaluria, 138-139 
yperparathyroidisn, 136-137 
lyperplastic modules, 324.525 
Hypertension, 1) 
Hypoechoic lesion, 3225 
Hypogastric artery, angtoplasty of, 
37 


Hypointense adnexal mass, 275, 277/ 
fiypospadias, 325-326 
Hypotension, acute cortical necrosis and, 141 
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Hysterosalpingsgraphy (HSG), 13-15 
2349-250, 356 


normal, }4 
Elysteraseupic myweectomy, 272-274 


I 
L131 ortho-jodohipparate (ON) J 


norcholesterol (NP-59), 340 
WM lahek meta-iodobenzyl-énanidine, 44 
iatrogenic stricture. 234, 2357 
Deal condult urinary diversian surgery, 232. 
zy 
Ileal loop complications, 212b 
Teal loop conduit, radiography of, 1 
Hea! loopogram, 12-13 
lleostoureterogsaphy, 12-15, 33 
complications of, 13 
interpretation of, L3 
Dine artery, aneurysm of, 14, Toni 
Miopsoas hypertrophy, 22.3 
{maging surveillance, nf renal masses, 
169-104 
Inptants, endometrial. 261, If 
In" -ootreotide, MO 
indinavir sulfate, 151-142 
Infectious cystitis, 26, Moy 207s 
Inferior vena cava 
obstruction of, 225 


ovulatory factors of 242 


Infiltrating renal cell carcinoma, US, VAY 

Infltrating renal lesions. diagnostic approach 
for, 101-102 

infiltrative renal masses, 67, 67b-59h, 68 

Inflammatory lesions, 79-101 

Infundibulam, 252 

Internal pudendal arteriography, 24 

Interstitial cystitis (1G), 305 

Interventional radiology, denitourinery, 


Interventions in infertility. 85-347 
tntraprostatic hemorrhage, 322-323, IZV 
intratumoral fat 

in diagnosis of anSomvolipoma, 441 

MRI for, 93 

pixel mapping for, 92F 
Intrauterine adhesions, 251, 251 
Intravenous urography (IVU). 54 

bladder. 196, 194 

of vystie wephroma, 55 

of detrusor function, 194 

normal oroéram, $9, Of 

of renal cell carcinoma, PU TS 

of renal masses, 70, 70 


IVU. see Totravenous urography (IVU) 


J 
Jack stone, (SF 


17-Ketosteroids, JIR 
Ridney 
ares of reistive avascularity in, 264 
bilateral enlargement of 124-155. 124-1297 
causes of, 1258 
with multiple masses, LIO-L35, 1910 
bilateral small, smooth, 115, 115 


diffuse roai abnormalities of, 
107-145 
duplication anomalies of, 117, 114° 


differential diagnosis vd, LR) 
smography of, 15 
normal, 15¢ 
supernumerary, 4445, 477 
unilateral reniform enlargement of, 126 
unilateral small smooth, 1-115, 110 
differential diagmosts of, 110% 
unilateral smooth enlargement of, 116-125, 


uterine, 272-270, 272b, TAL TTF 
uterine artery embolization for, 11.001 
Leukemic infiltration, bilateral renal 
enlargement from, 130 
Leukoplakia, 155-156 
Leydig cell tumors, 313.314 
Lipoleiomyoms. 274-275, 2757, 278 
Littré glands, 244 
Liver 
autosomal dominant polycystic kidney 
disease with imnlrement of, 94f 
distant metastases to, $) 
Liver cysts, von Hippel-Lindau disease and, 94 
Liver enzymes, 124-125 
Localized renal cystic disease (LRCD), 85-57 
LOOM. see Low-osmolar contrast media 
(LOCM) 
Low-osmolar coatrast media (LOCM), 2 
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Lower urinary tract, 190-247 
anatomy of, 190-103 
diagnostic examinations of, 193-194 
neuromuscular disorders of, 225-228, 2256 
physiology of, 193 
LRCD. see Localized renal ovstic disease 
{LRCD) 
Luteinizing hormone (LH), 252 
Luteinizing hormone-releasing hormone 
(LARN), 252 
Lymph nodes 
OT of, 21-22 
MRI of. 27F 
Lymphadenectomy, 320.44) 
Lymphadesupathy 
CT for, 329 
MRI for, 329 
ureter, 163 
sve alse Retroperitoneal lymphadenopathy 
eee 54-357, 357 


‘Gite ie, S14, ar 
sve also Retroperitoneal lymphoma 


M 

Magnetic resonance imaging (MRI), 22-20 
for adenomyosis, 260-2676 
for adrenal adenoma, 341342. IHF, 45 
of adrenal gland, 24, 247, 339 
for adrenal hemorrhage, 353, 455% 
for angiomyolipoma, YY 
for benign prostatic hyperplasia. 324325, 


at bladder. 24, 23f 

for bladder neoplisms, 197 

for cervical cancer. 204, J007 

of cervix, 26 

contrast-enhuanged, Ji), 244-295 
conventions! spin-echo pulse sequence, 2) 
coranal, 81-82 

for cystic nephroma, 85, S 

for endometrial carcinoma, 244-295, 


204 F295 
for endometrioma, 262-2635. 264/246 
for endometriosis, 261F 
fast (turbo) spin-echo pulse sequence, 23, 


fat saturation and chemical-shift, 24 

of female genital tract, 248 

of female pelvis, 37-38 

for fibroids, 27.4 

dadolinium-enhaneed, uy 

for genitourinary tract, 46-38 

gradient-echo pulse sequence, 23 

for intratumoral fat, 9 

of kidney, 24 

for leiomyoma, 2746 

of lymph nodes. 277 

for lymphadenopathy, 129 

af male pelvis, 27/, 37 

of Mallerian duct, 256 

for multilocular eystioc neplroma, STP 

multiplanar, 41-82 

for normal anatomy, 24-26 

for oncoeytomm, RAKS 

for ovarian neoplasms, 28) 

of ovary, 287 

of penis, 25 

for polyeystic ovarian syndrome (POOS), 
279 


for prostate carcinoma, 322, J23, ee 

of prostate gland, 22, 26° 

for renal coll carcinoma, 75, 754, K-SI, 
BUST, Saal 

wf renal cortex, 24 

for renal mass, 102-10, Har 
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Index 397 


Magnetic resonance imaging (MII) 
(Continued) 
for renal tumors. 104-105 
of scrotum, 247 
of seminal vesicles, 25, My 
spin-echo pulse sequence, 27 


tanis aaae MAh 
for renal artery stenoses, 112 
for renal cell carcinoma, 79 


internal genitalia, WH Mis 
physiology of, 305-307 
upper urinary iract 304 

Male pelvis. MRI of 277, 37 

Male pseudohermaphroditism. Jff 

Male urethra, 191-192, THD, TOA 
carcinoma of, 241 


Mature cyste teratoma, 284, 2851, 2867 
Mayer-Rokitansky-Kiister-Hauser syndrome, 


234, 2355 

MDR. see Multicvstio dysplastic kidney (MDK) 

Mediastinum, 19, MS, 315.314 

Medullary nephrocalvinosis. 57, 135-134, 
LMA-I3TF IIVAA 

causes of, 1 

Meshallary sponge kidney (MSK), 56-57, 3 

SY, 127, 147, 1a 


Menopanse, 254 
Menstrual eyele, 253.254, 25. 
Menstruation, XD 


Mental retardation, tubenous sclerosis and, Yi 

Mesenchymal bladder tumar, calcification in 
2y 

Mesoblastic nephroma_ 5/44) 

Metanephiric blastema, 46-41. 146 


Molar pregnancy, 295-200, 207 
MRI. see Magnetic resonance imaging (MRI) 
Mucinous oystadencearcinoma, 243-254, 284/, 


Miflerian duer paani 191-192, 244 
Mollerian remnants. 2744-244, Mif 
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Millerian tubercle, 248 

Multiovatic dysplastic kidney (MDK), 52-54 
af, 85-87, 157 

Multifocal renal hrmphoma, with bilateral 
renul enlargement, LAW 


Multilocular uystie nephroma (MLUN), 73, 85. 


Multilocular cystic renal timor, 57 

Multiple endocrine neoplasia (MEN) 
syndromes, 340 

Multiple expansile renal masses, 92-0) 

causes of, 934 

Multiple oncowytemias. "i 

Multiple skeletal nstcomas, 9% 

Musele-invasive hledder cancer, intravenous 
urdgram and computed tomdgraphy for, 


Myomectomy, 272.275 
Myometrium, 16, LG 


N 
Neisseria gonorrhoeae, 2H, 26-207 
Nephrectomy. 121-122. 14) 

partial, for renal cell carcinoma, 8) 
Nephroblastomatosis, 60-6). y 
Nephrexaleinasis, 135-140 
Nephrolithiasis, 122-124, £57, 232 


Nephrostonsy tract dilatation, MA 
Nephrotomogram, 7AF, 3757 
Nephrotoxie effeet un tubular cells, 3 
Nerve deafness, MO 

Neuromuscular disorders, 225-229, 2254 
Non-tlodgkin lwmphom, 334 
Nongonococceal urethritis. 24 
Noninvasive (superficial) bladder cancer, 


(NSGCTs), STIL. ILAAN 
Nuvlear medicine, 232 


o 
Oneoealyx, 70 
Oncocytoma, 52-55 
angiographic feanures of, 55% 
CT for, Hf 
features of, S16 
OQuevte proliferation 252 
Orchitis, 312-3L5, ILY 
Organ of Zuckerkandl, 340-47 
Ovarian cancer, 242-258, IKA, Ayla 
omental disease from, 200 
peritoneal metastases. 289, 20y 
staging of. 287b 
Ovarian cyst, 277-280 
in postmenopausal women, 274.280 
Ovarian dermoid vyst, 247. 254 
Ovarian broma. 356 
Ovarian hyperstimulation syndrome, 242 
2y 
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Ovarian tumors. 382-284 
epithelial. 2594 
mucinous epithelial, 254b 
svrous epithelial, 25.0) 
Ovarian volume, 17 
Ovary 
OT of. 22f 
embryology of. 245 
metastases to, ONG, 2950h 
MRI of, 287 
normal anatomy of, 251-252 
normal physiology of, 252-253 
sonogram of, LiF 
venography of, 20 
(wulation, 252-254 


P 
Page kidney, 112, HY 
Pancreas, 62 
Pancreatle cysts, von Hippel-Lindau disease 
and, %4 
Pancreatitis, 64. G4 
Papillary necrosis, 144, 1567 
CT for, 597 
Papillary renal cell carcinoma, 73-74, Saf 
Parnganglioma, 346-347, IW, 3537 
of bladder, 202, 247 see ilse 
Pheochromocytoma, of bladder 
Parametrium, 337 
Parapelvic cyst, T1474 150-151, 1541F 
Paraprostatic cysts, 425-120, AMi 
Pararenal spave. 62, 05S 
Paratubal adhesions, 262, 264 
Parenchymal atrophy, 112-114, 141 
Parenchymal infiltration, 116 
Parenchymal ischemia, 112-115 
Parenchymal striations, 125 
Parenchymal swelling, 125 
Parvophoron, 40 
PCOS. see Polyeystic ovarian syndrome 
(POOS) 
Pelvic fracture, 238 
Pelvic hematoma, bladder, 222, 222f 
Pelvic inflammatory disease (PID), 26-268, 
200b, 281 
complications of, 264 
GT for, 268, 269 
ultrasonography for, 270, 2707 
Pelvie kidney. 45, 47/489 
Pelvic lipomatosis, 158-162, 161-162% 223, 
224 
Pelvie lump kidney, 47° 
Pelvic lymphadenopathy, 162404, 225, 22347 
Pelie mass, 17 
evaluation of. 288 
radiologic evaluation of, 28h 
Pelvie pain, 14-15, 260.276 
Pelvis 


female 
MRI of, 37-38 
sonography of, 1-17 
male, MRI of, 277, 37 
Petyocalyceal system, 146-189 
congenital anomalies of, 154-158 
Pelvoinfundibular MDK, 53h, 34 
Penis 
anatomy of, 333-334., 335 
arterial supply of, 333-334 
flaccid, AI 
MRI of, 25 
peripheral innervation of, 44 
Percutaneous cystostomy, J81 
Percutancous needle biopsy, J6 
in renal mass evaluation, HM 
Percutaneous nephrofithatomy, 377-379, 78 
indications for, 377h 
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Pereutancous nephrostomy drainage, 122, 
IOS-ITA, MY, ATW 
complications of, Jr 
Pereutancous nephroureterostomy, 176, 
I 
Peruutaneous renal biopsy, 352-I83 
Percutaneous renal tumor ablation, 383-385 
Percutaneous transcatheter embolization 
of “oy renal hemorrhage, JSS, 358 


radiolucent needle holder for, 3727 

Percutamewas erinary tract procedures, 
JMISS. 167b 

imaging guidence in, 366 

patient selection and preparation in, 100 
Percutaneous vascular occlusion, 355-100 
Pericatheter retrograde wrethrography, A1 
Perineal carcinoma, NIF 


Perinephric space, 62, -d 


Perirenal lymphoma, 5f 

Periventricular hamartomas, calcified, 
1H 

Perivesical fat, higher signal intensiry of, 202f 

Persistent fetal lobatian, 41-42 

PET-CT scanning Mi), 3417 

Phenacetin, T38 


Phiebography 2 
PID, sew Pelvic inflammatory disease (PID) 
Fine-tree bladder, 227-225, 220° 
Pinetree or pinecone Configuration, 227225 
Piuitury gonsdotrepins, 252 
Pixel mapping for intratumeral far. ¥2/ 
Plain films. renal masses om, 65-70, 0% 
Polyarteritis nodosa, 129-130, 130 

renal infarets and, 101-102 
Polycystic ovarian syndrome (PCOS), 279, 


Polypoid cystitis, 205 
Positron emission tomographiy-CT, of cervical 
cancer, 301, Wie 
Postembolization syndrome, W009) 
Posterior parietal peritonenm, bÌ 
Posterior urethra, 191-192. 1914, 236-235, 
27/7, 2 
Postmenoparse, ovarian eyst, 279.241) 
Postobscructive atrophy, 113-115, 1147 
Potter syndrome. 44 
Primary megaureter, 173, 174f 
Processus vaginalis, Vi} 
Prolapsing fibrous polyp, 3437 
Pronephivs, 304 
Prostate 
anatomy of, WIS MiG, MK 
arborizing glands af, M5- 
MRI uf, 22, 267 
nodule or enlargement, 320-724 


Prostate (Continued) 
mornial anatomy of 18, 307 
transrectal sonography of, 17-19, 34-35 
zonal anatomy of, 24-25 

Prostate carcinoma, 220324 
estraprostatic spread af, IMM), 33 
lymph node metastases, 229 
MRI for. 322, IIV, 24 


Prostatic shecess, 32M, 3310392 
Prostatic adenocarcinoma 

with metastatic lymphadenopathy, 429, 

asiy 

staging of, 320-325 
Proststhe capsule, 1% 
Prostatic cysts, 325-320, 2M, 4277 
Prostatie urethra, 191.192 
Prostatic utrioles, 244-246, 24% 
Prostatitis, 1331-02 
Prostatedynia, transrectal ultrasound for, 3.2 
Proteus, 215-216 
Proteus mirabilis, 122-124 
Proton relaxation, biophysics of, 23 
Prune-belly syndrome, 171. 17% 
PSA level, 32429 


Pyelogenic cyst. 57-59, Gr 
Pyelogram, 1 Lf 
antegrade, 12 
Pyelonephritis, 57, V9, 171, ITU 282 
mente, P1710, Spor 
CT for, 997 
focal, 119, 1297 
striated nephrogram and, 110 
Pyelosinus backtlow, 1 Uf 
Pyelouretersl resistance, 12 
Pyocele, orchitis with associated, ILI 
Pyonephrosis, 100 
Pyosalping, 267-268, Joye 


R 
Radiation exposure, 1ST 
Radiation stricture, 177-175, 177 
Radiation therapy, parenchymal ischemia 
from, 112413, 4# 
Radiofrequency ablation (RFA), 353-354, 3847 
Radiographic contrast media (RCM), 2-5, 3 
adverse reactions, 4-5 
classification of, 2r 
frequency and severity nf reactions. 5 
ioni, 241, 2 
ionle dimer (moncecid dimer), 27. 2 
lonle monomer, 2r 
low-osmolar, 2-3 
management of commun adverse reactions 
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Kadiolucent needle holder, for percutaneous 
transrenal puncture. 3727 
Radbopharmaceuticals, 29-31 
adrenal dlands and, 341) 
ROC see Renal cell carcinoma (ROC) 
REM. see Radiographic contrast media 
{RCM} 
Reactive hyperplasia, 79-30 
Rectal carcinoma, 211, 216 
Rectal contrast, 217 
Reetovesical fistula, 211, 216f 
Reflux nephropathy, 9, 105-109, 1084109 
Renal ablation, embolization techniques for, 
39, JF 
Renal abnormalities, congenital, 43b 
Renal absoess, 87-88 
GT for, 87-88, S8f 
drainage, 481-382 
features of, SSh 
US of, 57-58 
Renal adenocarcinoma, sev Renal cell 
eareinoma (RCC) 
Renal agenesis, 43-44, AIh, JAAA. AAF 


Renal arteriography, 71 
indications for, 28, 285 
Renal artery 
ablation, 200, Moor 
matowy of, IT 
branches uf, 4142 
embolus, 126 
fibromuscular dysplasia, AS7-I85, 3S9 
multiple, 507 
stenosis, LLOF LIE 
tinaging signs of, 1114 
notching in, 1137 
transection or dissection of, 1A 
Renal atherosclerosis, 140. L41 
Renal vell carcinoma (ROG). te. Af, 74-852. 


ay 
abdominal imaging in, TH 
clear cell subtype of 41, 82/ 
GT for, 74f, 75, 756, TOATU, TOS 
extracapsular tumor spread of, SO 
imaging surveillance of, 103-104 
infiltrative, 9S, ORÉ, 102 
IVU of, 70/75 
MRI for, 75, 75b, SIAL, SOS LY, 


RISH 
sunography in, 77-75, TSE B2, Sof 
spontaneous perirenul hemorrhage in, 
TUIS 
staging systems of, 7Y 
treatment of, 383-384 
US of, S2 
Renal contusion, 116. 125. 142. 143% 
Renal cortex. 139 
MRI of, 24 
Renal cortical ischemia, 139 
Renal corticomedullary differentiation, ost 
Tl-weighted Images. 24 
Renal cysts, 55-56, 65-69 
uspiration, AST 
beak or claw sign of, 71.72, T3 
calcification of, 64-09 
simple, 94 
syndromes associated with, 94b 
Renal duplication anomalies, 117: 1 
Renal ectopia, 45-46 
crossed fused, 50f 
Renal enlargement 
with associated collecting system 
enlargement, 130-134, 1347 
due to hemibypertropliy, 127, 127 
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Renal failure 
eauses oi, Lift) 
imaging of, 140-141 
Renal fossa, 444), 
Renal fraeture, 142-144, 144 
Renal function 
impairment of, J 
quantitative measurements nf, 41-32 
Renal fusion, abnormalities of 4644 
Renal bypertruphy, 127 
Renal hypoplasia, 115 
Renal infarction. 191 
CT for, 104 
features uf, JOL 


Renal messer, 35, 66-106 

hall-shaped, 7102, 73 
multiple Yà 

halls cersus beats in, 67 
calcification of, 68 
clusification af. 71-101 
CT for, 102-303 
evstic, 72-74, 727 
eystic and solid, 44-95 
detection of, 65-71 


indeterminaty, 103-103 
infiltrative, 67, O71, OFF 
IVU of, TO, 79 
MRI ef, 102-1008. 103 
multifocal 9 
multiple expansile, ¥2-96, 0.34 
percutaneous needle biopsy, i evaluation 
of, I 
US of, 71, 103 
Nenal medullary carcinoma, 97-99, 
on 
Renal medullary cystic disease. 115 
Renal metastases, SS-'4), WY 
Renal neoplasms. 124 
Renal oncocytoma, ARI 
Renal papillary blush, 57 
Renal parenchyma, 15, 71-72. 8" 
evaluation of, 32) 
infiltration of 100 
Renal pelvie filling defects, YI 
Renal pelvis, 152-153 
Renal pseudotumer, 127 
Renal pyramids, 1341.7 
Renal resistive index (RI), 157 
Renal rotational anomalies. 47/ 
Renal sciatigraphy. 20-32 
Kenal sinus, 15, 146-189 
eyss 150-151, 150, 150 
fat proliferation in, 1S% 
lipamainsis. 145-150 
lymphoma. 151-152. 1537 
masses, 151-152 
neoplasms. 151-152. 151% 
Renal size. determination of, 15 
Renal stones 
composition of, INX 
ET for, 17W 
Renal tissue masses 5-52 
Renal transphint rejection, 140 
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Renal trauma, 45, 141-145 
CT for, 142 
grading of, 142r 
Ronal tuberculosis, 9-108), LY, 1407 
Renal tubular ncidosis (IETA), medullary 
mephrocalcinosis fom., 137, L3 
Renal mmors, 62 6f 


imaging diagnosts of, practical approach ta. 


es 
Renal vascular pedicle injury, 144, 1457 
Renal yusculurure, abwornialities of, 49-50 
Renal yelu, transection or dissection of, 144 
Renal yein sampling for renin concentration, 
Al 
Renal vein thrombosis (RYT). 112 11h 
13-125, La 
Renal venngraphy, 29. 3S 
indicstions for, 25h 
Reniform enlargement, 12% 10 
Renin concentration, renal yeln sampling for. 
Os 
Renogram curve, +133 
Rerovasenlar hypertension, [12 
US in, £12 
Replacement lipoomtosis, 145-150. 1S0f 
Residual cotasia. 171-175 
Resistive index, 289 
Retinal angionies, von Hippel-Lindau disease 
and, 94 
Retrocuval ureter, 155, 1540, 159 
Retrograde ileostoureterogram, LY 
Retrograde pyelngraphy (RP), 10-91 
complication of, 11 
interpretation of, U1 
Retroperitoneal shscesses, 451-152 
Retroperitoneal adenopathy, metastatic. MT 
Retroperitoneal anatomy, 0% 
Retroperitoneal ñbrosts, 155, Lay, 162-164, 
176-177, ITAIT 
associations wiih, 1755 
CT for, Lay 
Retroperitoneal lymphadenopathy, 7-4) 
leet. Tear 
Retroperitoneal lymphoma, 59 
Retroperitoneal mts, 25 
Retroperitoneal region, 36 
Retroperitoneal space, G1, O14 
Retroperitoneum, 31-314 
normal anatomy of, 105 
Rhabdoriyerus, W 
Rhabdomyosarcoms, > 
Rim nephrogram 126 1267 
RTA. see Renal tubular acidosis (RTA) 
RVT. see Renal vein thrombosis (RVT) 


S 
Salpingitis isthmica nodosa (SIN), 281, ISU 
Sarcoidosis. 130-1397 
Scar endometriosis. 263, 26537 
SCC, see Squamous cull carcinoma (SOC) 
Schistosoma haematobium, 217 
Schistosomiasis, 157, 0G 
in bladder, 217-219, 2" 
Sclerosis, J51 
Serotum 
abscess in, JETI 
acute, 15-19, J084 
fistula, 216 
hematoma in, J18 
miss, swelling, or pain in, A078 
MRI of, 25f 
normal anatomy of, L9 
scintigraphy, 32 
traumatic Injury te STAY 
ultrasonography of, 15-19, 314-315, 3157 
wall components nf, 305 
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Seizures, tuberous selerosix and, 06 
Seldinger technique, J82 
Seniinal vesicle, 18, J05 
evsts, 325-126, 3397 
hemorrhage, MRI for, S31 333 
invasion, om TRUS, 3314, 332f 
MRI for. 25, 2¢y° 
Seminoma, 315-314 
testicular, 320, A 2 
Sentinel cysts, renal, T4 
Sentinel lymph node, 316-314 
Septare uterus, 254, 259-26 
differentiating bicornuate uterus from, 
25h 
Sepuun of Bertin, 51-52 
Sequential imaging, of renal masses. LO4 
Serous cystadenoma. 252-253, 254-289 
Sertoli-Leydig cell tumors, 245-256 
Serum creatinine level, 3 
Sex cord, 245 
Sex cord-stromal tumor, ovarian, 2856 
Shagreen patch, 96 
Sipple syndrome (MEN ILA), 446 
Skeletal abnormalities, 69-70) 
Sloughed papilla, 184. 1557 
Sonography, 1-20 
in angiomyolipoma, 91 
ef bladder, 17 
common Indications for, 17 
in cystic nephroma, êy’ 
in cystic ovarian muss, 3897 
Doppler 
indications for, LSf. 20 
principles. 19-20 
duplex, 18-19 
endovaginal, 1-17, 34 
in epididymis, 19 
in epididymitis, 4), SDF 
of female pelvis, 16-17 
of kidneys, 15, 15 
of ovary, 17/ 
of prostate, 17-19, 147 
in prostate carcinoma, $21-322, 323 
in renal cell carcinoma, 77-78, T84, 82, S4 
of testicle, 19 
in testicular carcinoma, 315-316 
transabdominal, 10-17, 196-197 
transrectal, 17-14 
transvaginal, PCOS, 279 
of upper urinary traci, 15 
ed uterns, Lf, Ly 17 
soc also Ultrasonography: Ultrasound (US) 
Sonchysterography, endometrial polyps. 
290-29) 
Spërmatio còrd, 22, 305 
lipoma of, 3-310, 3I 
torsion of, S.J 
Spermatovele, IVS 11. IAF 
SPIL sce Spontaneous perirenal hemorrhage 
(SPH) 
Sphincter deformity, 229 
Sphincter weikiness, 220 
Spin-echo pulse sequence, 23 
Spinal cord injuries, 227 
Splenic flexure, 457 
Spontaneous perirenal hemorrhage (SPH), in 
renal well carcinoma, 77, TU-TSF 
Squamous cell carcinoma (SOC), 215-219. 
239, 24). 242¢ 
renal, (7 
renal enlargement due to, 126, 1277 
urothelial neoplasms and, 98 
Stauffer syndrome, 124-125 
Steinstrasse, J74, WF 
Stones 
Wadder, 215-216, 2197221 
calcium oxalate dihydrate, 182-180 
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struvite. INDISI Si 
nreteral, 179-15], 179150 
urethral, 334-239 
Stress imcontinence, 229 
trading of, 22% 
type IIA, 2307 
Strimeil nephrogram, 116, LIS 
causes of, L1G 
Struvite salts, 209 
Subeapsular hematoma, 112 
Subhmucesal mass, 275-276, 2777 
Supemumerary renal veins. 49 
Surgical obturator nodes, 21-22, 22/ 
Surveillance imaging, 76-77 
Synehrovens urothelial carcinoma. 
L95419 


T 

Tapered 4&-F angiographic catheter, in ureteral 
stenting, 374-375 

To-99m diethylenetriaminepentaacetic acid, 
eS 

Te-99ns dimercapisuceinie avid, 34 

Te-99ar mercapiawerylorigiveiny (MAG, ), 
mH 

repogram JF 
Tem pertechnetate. 32 
TOC. see Transitional cell carcinoma (TOC) 


abdominal, with ingeinal hernia, 319 
seminoma, J2. 32) 
undescended, 31420), 319% 
Testicular abscess, 312-313 
Testicular cancer, 3146 
Testicular rupture. 314-319, J147 
Testis 
anatomy of, 305, Iy 
appendage, 307/ 
caleification in, H6 
carcinoms of, 313 
calcification in, 16 
sonography of, 314.415 
staging of, 316-318, J17b31b 
ductal system of, MS 
ischemia of, WS 
lymphoma of, 214, 3150 3577 
microlithizsis uf, Jif. IIT 


Theea Intein cyst. 277-275, 278. 2757 
Thoracic kkiney, 46, 44° 
Thrombocytopenia, J56 
Tissue-rim sige, 1797-150 
Transabdeuninal sonography, 352. 204 
Transitional cell carcinomta (TOC), 126, 
169-170, 170%. 17, 194-195 

renal, 67 

areteral narrowing and. 173-175, 175f 

urothelial neoplasms and, 97-98, 97-08" 
Transitional cell papilloma, 200.201, 2034 
Transluminal ureteral dilatation, 370-351] 
Transrevtal seminal vesicle puncture, AN7 
Trausrectal sonography. 244-246. 252 

of prostate, 17-1%, I8f_ 34-35 


Transrectal ultrasound (TRUS) 
for benign prostatic hyperplasia, J24, 
IW 


for prostate cancer, 321-322, 32 
for prostutndynia, A32 
for seminal vesicle invasion. 331, IXY 
Transrenal endoscopy, 377-379 
Transvaginal sonography (TVS), 252, 249 
nf polycystic ovarian synilrome (POOS), 
279 
Transverse color Doppler ultrasound, of 
bladder, 1997 
‘Troumutic urethral stricture, 245, 2457 
Trotuar technique 342 
TS. see Tuberous selerusis (TS) 
Tuberculosis 
infection in adrenal ghands. Mal. M47 
ureteral strictures from, 178. 1757 


Tubo-ovarian complex, 20267, 2057 

Tubular cells, nephrotoxic effect on, 3 

Tubular ectasia, of rete testis, HL 3H 

Tumorectomy, for renal cell carcinoma, 
Ae 

Tunica albuginea, 305, MGA 

Tunien vaginalis 19.405 

Turner syndrome 245 


for enuometritis, 267-264, 2676 

for fibroids, 274.275, 274F 

for letontyoma, 274 

for orehitis, 313b 

for Ow inflammatory disense (PID), 270, 

eri 

for scrotal trawna, 318) 

of seroturm, 18-19 

for testicular abscess, 314 

for testicular cancer, 314 

for testicular torsion, JOS300, Mish 

for varicocele, JIO-IL, 312F 
Ultrasound (US) 

for acute pyelonephritis. 119 

for cystic nephruma, 55 

for fecal lobation. Sf 

for focal pyelonephritis, Lay 

high-intensity-focused, JVI 

for percutaneous urinary tract prosedures. 

306 

for renal cell carcinoma, S2 

for renal masses, 71, 103 

for renal tumors, 104-105 

for renovasoular hypertension, 1124 
Undesvended twsticle, I6. 310-10), 3194 
Unicornuate vterus. 45-44, 254 

MRI of, 2547 
UPI. see Ureteropelvic junetion (UPI) 
Upper urinary trset 

congenital abporunalities. 40 

sonography of, 15 
Urachal anomalies, 22.247 
Urachal carcinoma, 330-231, 3437 
Urachal closure, 230 
Urachal diverticulum, 2), 2319 
Urachal tumor, 230-241 
Drichus, 2273-230, 2M) 
Ureaplasma urenlyticutn 234 
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Ureter, 146-189, 15.7 
hlood clots of, 154, 185 
congenital anomalies of, 153-155 
deviations of, 158 
foenl, 104, 166 
lower, 158-362 
lower lateral, 164 
medial, Lei 
upper, 158 
upper lateral, 163i, 163 body 
evtople, 153, 153-155 
extravesical insertion of, 154-155 
filling defects of, 152-157, 182b 
assessment of, 18531853 
herniation, L6 
lymphadenopathy, to% 
mohilization of 163¢ 
normal, Of 
peritonealization of, LOS 
radiation stricture. 177-178, 177F 
retrocaval, 158, 158), 150% 
sloughed papilla of, 154, 18557 
stricture, 232 
from tuberculosis, 178, 1787 
trauma of, 187-158 
Ureteral avulsion, 155, 154 
Vreteral bud, 146 
Vreteral caliber, abmoriialities of, Lot- 178 
Ureteral dilatation, 164-170 
location and extent of, 167b 
neoplasms and, 164-170. 169 
nonobstructive cause of, 160 
postpartean, 171-173, 172f 
Vreteral duplication 
complete, 15.1 
incomplete, 154 
refluxing lower moiety in, t53 
Dreteral edema, E85 
Ureteral lymphoma, 15237 
Ureternl narrowing, 167D, 173-175, 1756176 
Ureteral notching, 187, 17F 
in renal artery stenosts, 111, HIZ 
Uretoral obstruction, 112, 114%, VLG, 116, 171 
GT for, 1176 
diagnosis of, Dat 
Dreteral pseudodiverticulosis, 178, L179 
Ureteral spindle, 152-153 
Ureteral stent, encrasted, 220, 222% 
Ureteral stenting, 122, 174-476 
internal/external, ITO, I7 
Ureteral stones, CT for, 179-181, 1791S, 
181b 
Ureteritis cystica. 186-167, 1897F 
Vreterocele 
eotople, IRY-154/, 154 
orthotopic, 155, 1566 
Vreteropelvic junction (UII), J142 har, 
152-153, 15a/ 
avulsion of, 142. 144, 198 
congenital stricture in, 157, 157158 
obstruction, S1. 61 
Vreteroseiatic herniation, lod, 1577 
Dreterovesical junetion edema, secondary to 
ealoulus, 1997 
Urethra 
benign neoplasms of, 241 
embryology of, 190-191 
female, 9-10), 192-193 
carcinoma of, 249-241 
filling defects in, 238-241, IKA 
male, 0, 191-192 
carcinoma of, 241 
metastases to, 241 
pathologic conditions affecting, 244-246 
posterior, 236-238, 237/, 238r 
prostatic, 9 
squamous cel) carcinoma of, 2437 
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Urethra (Continue!) 
traumatic injury to, 236-235. 
traumatic stricture in, 235, 2357 
Urethral calculus, 2397-241 
Urethral carcinoma, 245, 339, 210K 
diagnosis of, MI 
squamous vell carcinoma, 2.44 
Urethral disease, radiographic signs of. 11) 
Urethral diverticulum, 242-244, 244f 
Urethral fistula, 244 
Urediral outpouching or tract, 242-246, 


complications of, 235-24, 235b, 236/-237/ 
Urethrmgram, normal, 9-10, 10/1 1° 
Vrethrograiphy, 9-10, 33 

dotuble-balloon, 243 
t 


Jrethroplastr, 276 
Urie acid bladder calculus, 237 
Urinary diversions, 231.242, 244 
Urinary extravusation, 235-20 
Urinary incontinence, 1%), 225-227 
Urinary retention, 227, 22347 


decompression af, 122. 140.14) 

development af, 4, 41h 

embryology of, 144 

infection of. 1%), 242 

injury tw, 141-142 

sonography, common indications for, 15 
Urine volume, increase in, 173 
Urinoma, 151 


techniqne ni, 12 
Urageaphy, in acute pyelonephritis, 114 
Urolithiasis, CT for, 179-182, 17% 
Urothelial carcinoma, 67 
detection of, 183-154, H7 
invasive 
T2-weighted image of, 2027 
of wrinary biadder. 203f 
perivesical fat infiltration by. 2047 
Urithelial metaplasia, 205 
Urothelial neoplasms, 97-95 
Vrothelial (transidonal cell) papilloma. 
221, DY 
Uterine artery embolization (UAB), 2 
for treatment of kiomyomas. 14b30] 
Uterine cervix 


normal anatomy of, 246-252, 251, 254° 
sarcomas of, 292 
size of, 249 
sonogram of, 16, 16-177 
zonal anatouy of 26, IW 
Uterss didelphys. 254, 200 


402 Index 


Utricular eysts, 325-326, 4247 
Utridulus maseulinus, Moe 


Yv 
Vagina 
MRI of, 26 
zonal anatomy of, 26 
Varieocele, 310-11, M1) 
ultrasound for, HI 
Vasa deferentia, MRI of, 2 
Vascular abnormalities, 11% 
Vascular malformations, 65-4 
Vasculitis, renal infarets and, 10). 102 
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Venous leak, A86, JSS 

Venous sampling, Indications for, 25-29 
Verumontanum, 191-193, 244 
Vesicoureteral reflux, Y, 45, 173 
Vesicovaginal fistula, 212-214, JSF 
Viral cystitis, 20% 

Virilization, evaluation of, 203364 
Vitamin D, intoxication from, 136-147 


Voiding cystourethrography (VOUG), 9, 3233, 


2021) 
in children. 4 
von Hippel-Lindau syndrome. 346 
von Lippel-Lindau (VUL) disease, 4, 
182-194, 14f 


Ww 

Waldeyer fossa, 254 
Waterhouse-Friderichsen syndrome, 352 
Wegener granulomatosis, 129-130 
Woelgert-Meyer rule, 153 

Whitaker test, 367368, S07), 369, oe 
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pyelonephritis (XGP), 
64499, S8, HOD 117, 122-124, 1231247 
CT for, 884 1047 


